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INTRODUCTION 


While examining the 38,128 cysts of Heterodera schachtii Schmidt 
used in studying its dormancy ,? the writer found many cysts that 
contained other species of nema. In certain fields these species 
occurred so frequently that the possibility was suggested that they 
were feeding upon the eggs and larvae contained in the cysts. 


METHODS 


These cyst-inhabiting species were present in both fields where 
mononchs * were studied, and it was possible to secure data for both 
projects from the same series of soil samples. These samples were 
collected by the Cobb method,‘ in tubes having an area of one- 
millionth of an acre. Each sample examined was an aliquot part 
of two to six samples, usually two. The soil of each 2-inch depth 
was collected separately, care being exercised not to mix it with soil 
from above or below the specified depth. The samples were washed 
by the Cobb sifting and gravity method, and a determination was 
made of the nema present, both within the cysts and living free 
in the soil. 

RESULTS OF SOIL EXAMINATIONS 


The 1923 data contained in Tables 1, 2, and 3 for the field at Salem, 
Utah, are typical of those secured and, being the most complete, are 
presented here as representative of the generally existing conditions. 
Two species, Cephalobus oryuroides de Man 1884 and Acrobeles 
biitschlvi (Acrobeloides) (de Man) 1885 (fig. 1), predominated in the cysts. 

Table 1 gives the number and distribution of the collected cysts 
of Heterodera schachtii. Of these 4,997 cysts examined, 1,021 con- 
tained an estimated total of 103,602 eggs and larvae. The remaining 
3,976 were empty, the eggs having hatched and the larvae escaped 
into the soil. These empty cysts represent an accumulation of 
‘many years, for they are of a cutimous, almost indestructible material, 
and great numbers accumulate in the infested soil. 
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Fic. 1.—Adults of Cephalobus oryuroides (A) and Acrobeles biitschlii ( Acrobeloides) (B). X 450 
Key: an, anus; erd bib, cardiac bulb; fiz, flexure of ovary; int, intestine; /b, lip or labial projection; 
lum, lumen; nrv r, nerve ring; oe, esophagus; ov, ovum; p ez, excretory pore; ph, pharynx; phas, phas- 
mids; pr, probolae; ret, rectum; ren gl(?), renette gland; trm, terminus; viv, vulva. 
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TaBLeE 1.—Number and distribution of cysts of Heterodera schachtii at Salem, 
Utah, in 1923 





Date collected 





Depth in the soil ———<—— aie 
June 23 | June 30 | July 12 | July 20| Aug. 8 | Aug. 29¢ Sept.5 | Nov. 6 





Inches No. No. No. | No. No. No. No. | No. 

1-2 soe 128 36 389 34 27 ° 50 131 
344 61 58 240 80 57 133 146 
+6 58 27 162 113 35 210 144 
7-8 16 17 100 35 82 112 107 
9-10 88 20 78 139 121 153 223 
11-12 68 46 40 37 56 74 167 
13-14 17 52 7 9 22 87 219 
15-16 3 36 4 69 208 
17-18 41 49 
19-20 4 4 25 | 23 
21-22 ll 9 
13-24 | 

Total >_. 443 296 1,016 | 451 400 965 1, 426 


* Sample taken outside area infested by Heterodera schachtii. 
> Grand total, 4,997; average population per acre, 624,375,000. 


Table 2 shows the distribution of the 386 Cephalobus oxyuroides 
that were found in the samples. None of these was found living free 
in the soil. They were secured from 201 cysts, 70 of which contained 
eggs or larvae of Heterodera schachtii, and 131 were empty. 

A comparison of Tables 1 and 2 shows two interesting facts: 
(1) On August 29 the sample was taken outside the area infested by 
Heterodera schachtii, and on that date no Cephalobus oryuroides were 
collected; (2) in the samples collected September 5 and November 6, 
H. schachtii was found to a depth of 22 inches. On these same dates 
the many specimens of C. oxyuroides were found deep in the soil, 
indicating that at this season of the year they selected that point of 
habitat if their preferred food was present-- 


TABLE 2.—Number and distribution of Cephalobus oxyuroides at Salem, Utah, in 
192: 


Date collected 
Depth in the soil ; 
June 23 | June 30| July 12| July 20| Aug. 8 | Aug. 294; Sept. 5 | Nov. 6 


(Inches) No. No. No. | No. No. No. No. No. 

1-2 6 an } 
34 | E | 
5-6 2 | | 
7-8 2 2 . } 4 
9-10 F 10 5 1 
11-12 12 41 9 | 10 17 one 
13-14 17 3 14 1 35 
15-16 9 2 52 26 
17-18 6 40 
19-20 4 YW 
21-22 18 ll 
23-24 

Total > 50 | 58 38 6 12 101 121 


* Sample taken outside area infested by Heterodera schachtii. 
> Grand total, 386; average population per acre, 48,250,000. 
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Table 3 gives the distribution of 504 Acrobeles (Acrobeloides) b biitschlii 
found in the samples. Of these, 384 were secured from 317 cysts 
and 120 were from the soil. Of the cysts inhabited by this species, 
134 contained eggs or larvae and 183 were empty. The numbers 
occurring in a cyst varied from 1 to 11. Frequently an adult female 
was present with a number of progeny varying in size from those 
just hatched to some as large as the mother. This species is more 
generally distributed throughout the beet-growing regions of the 


Fic. 2.—Photomicrograph of female Heterodera 
schachtii containing adults and young of Cephalobus 
elongatus. Apparently this was an unfertilized 
female and the Cephalobi had entered the body 
after its death; it was therefore not a case of true 
parasitism. X 70 














Western States than Cephalobus oxyuroides and very frequently is 
found living free in the soil where Heterodera schachtii is not present. 
In this connection it will be noted that the sample collected August 29 
contained 45 A. biitschlii, although H. schachtii was not present in 
that portion of the field. In many fields heavily infested with 
H. schachtii it is not unusual to find hundreds of A. bitschlii living free 
in the soil with rarely an individual present in the numerous cysts, 
indicating that preferred food is abundant outside the cysts. 
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TaBLE 3.—Number and distribution of Acrobeles (Acrobeloides) biitschlii at Salem, 
Utah, in 1923 
Date collected 
Depth in the soil _ 
June 23 | June 30| July 12 | July 20 Aug. 8 | Aug.29¢| Sept.5 | Nov. 6 


(Inches) No. No. fo. No. 


Total?__. . 115 15 245 


2 Sample taken outside area infested by Heterodera schachtii. 
* Total number of cysts, 384; total number of free living, 120; grand total, 504; average population per 
acre, 63,000,000. 


Other species of nematodes found in small numbers in the cysts of 

Heterodera schachtii from fields located in various parts of Utah, 
Idaho, Colorado, and California are 
as follows: Acrobeles ankyrus Thorne, 
A. complerus Thorne, A. contractus 
Thorne, A. ctenocephalus Thorne, A. 
minimus Thorne, A. symmetricus 
Thorne, Cephalobus elongatus de Man 
(fig. 2), C. persegnis Bastian, C. striatus 
Bastian, Dorylaimus obtusicaudatus 
Bast. (fig. 3), Tylenchus sp., and 
Plectus sp. 


ECONOMIC IMPORTANCE 


Observations on the habits of many 
species of Acrobeles® and Cephalobus 
have led the writer to believe that 

. . + Fic. 3.—Sketch of the head of a young Doryla- 
primarily they are saprozoans. From  “ imus obtusicaudatus with an egg of Heterodera 
the fact that eggs and larvae were — *aMlimpaleduponthespear., The young 
present in only 41 per cent of the cysts _ habiting the cysts of H. schachtii, but only 
inhabited by Cephalobus oxyuroides Sepelehupenikompen. thieapeamswens 
and Acrobeles bitschlii, it seems evi- — Senerally bredacidus, and these occurrences 
dent that they must have been feeding 
on the remnants of the internal organsof the female Heterodera schuchtii 
and not on the eggs and larvae. Both of these species are too small 
to swallow an egg entire, and neither possesses a spear or teeth with 
which the eggs could be broken. Even if they were able to attack 
and devour the egg and larvae, the small percentage destroyed would 
cause no appreciable diminution in the population of H. schachtii. 
It will thus be apparent that these examinations fail to indicate that 
the nemas observed in Heterodera cysts are of economic importance 
in the control of this highly important sugar-beet pest. 


- THORNE, G, THE GENUS ACROBELES VON LINSTOW, 1877. Amer. Micros. Soc. Trans. 44: 171-210 
illus, 1925, 





























SEED-COAT STRUCTURE AND INHERITANCE OF SEED 
COLOR IN SORGHUMS' 


By ArtTuur F. Swanson ? 


Assistant Agronomist, Office of Cereal Crops and Diseases, Bureau of Plant 
Industry, United States Department of Agriculture 


INTRODUCTION 


Seed color is one of the most definite taxonomic characters of the 
sorghum plant, and it is also of considerable economic importance 
because of its influence on the market value of the grain. The mode 
of inheritance of kernel color, however, has been perplexing, and 
various Mendelian ratios have been obtained by plant breeders 
who have studied crosses of different sorghum varieties. Most of 
these genetic duta have been obtained on the basis of surface examina- 
tion and without considering the structure and pigmentation of the 
various layers of the seed coat. A genetic study of crosses between 
Red Amber and Freed sorgos and Standard feterita and their recipro- 
cals is presented here. The interpretation of these is based on the 
microscopic study of the seed coats of the segregates and of several 
standard varieties of sorghum. 


LITERATURE REVIEW 


Graham * of India in 1916 classified the segregates from a number 
of crosses of juar (sorghum) and found in one cross plants having 
three seed colors distinguished as red (RRYY), yellow (rrYY), and 
white (RRyy or rryy). Taking the families in which all three colors 
occurred, he found a total of 340 red-seeded, 96 yellow-seeded, and 
139 white-seeded plants, or a close approximation to a 9:3:4 ratio. 
He also found on crossing a number of whites with one pure yellow 
that the whites proved to be of at least two genotypes. One white- 
seeded plant crossed with yellow produced red-grained F; plants and 
another produced yellow-grained ones. This led to the assumption 
that some of the whites contained one of the necessary factors for red, 
which in the presence of the yellow factor led to the production of 
red color. Graham made no statement as to the location of pig- 
ments in the varieties under observation. 

Vinall and Cron‘ studied a cross of feterita x Red Amber sorgo 
and its reciprocal, grown at Chillicothe, Tex., and obtained a ratio 
of 15 plants with pigmented seed to 1 with white seed. They as- 


! Received for publication Aug. 24, 1928; issued December, 1928. Certain phases of the study here reported 
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sumed the factors for color to be R (red) and B (brown), either one 
of which alone or in combination produced color, while the rec essive 
condition for both R and B resulted in the production of white seed. 

Sieglinger ° in the cross Sunrise kafir x feterita and its reciprocal 
obtained a dihybrid ratio of 9 plants with brown seeds and brown 
nucellar layer, 3 with chalky-white seeds and brown nucellar layer, 
and 4 with glossy-white seeds and no brown nucellar layer. To 
explain this inheritance Sieglinger assumed the following factors: 

B, a factor for brown nucellar layer which also may cause brown in the epider- 


mis if S is present. Its allelomorph 6, gives kernels without a brown nucellar 
layer. 


S, a factor for smooth or glossy pericarp. When S is present the pericarp is 
glossy and may be creamy white, as in white kafir, or may carry other colors. 
Its allelomorph s, gives a chalky-white pericarp. Brown does not appear in the 
pericarp of an ss plant. 


The results expected in the F; generation, from an independent 


recombination of the two factors just designated, would produce 
three phenotypes, classified as follows: 


“— 

| 

Brown Chalky Glossy white | 
seeded, with | white seeded, seeded, with 

brown nucel-| with brown no brown } 


{ 
| 
i lar layer nucellar nucellar | 
layer layer | 
| 1 BBSS 1 BBss 1bbSS } 
2 BBSs 2 Bbss 2 bbSs 
| 2 BbSS 1 bbss @ 
4 BbSs 
| 9 3 4 





_® Sieglinger recognized that this phenotype had a chalky-white seed coat, but he was not able to dis- 
tinguish it from the other individuals of this group because of the discoloration of this seed from weathering. 


By testing the progeny of F, heads in the F; generation, Sieglinger ° 
was able to substantiate the above factorial constitution. He 
obtained like results in the cross Sunrise kafir x Blackhull kaoliang 
and assumed that the latter variety had the same seed characteristics 
as feterita. In the cross Sunrise kafir x Red kafir, Sieglinger obtained 
a ratio of three plants with red seed to one plant with white seed. No 
nucellar layer with pigmentation was present in either the Sunrise 
or Red kafir parents, so that the pericarp color differed by only one 
factor. The factors influencing color in the Sunrise and Red kafir 
cross were designated as rr for Sunrise kafir and RR for Red kafir. 
The S factor supposedly is present in both parents, and the red 
color of the F; was considered due to the combination Rr. Segrega- 
tion in the F, generation gave the monohybrid ratio of three red to one 
white. A similar result was obtained from the cross White kafir x 
Red kafir. As would be expected in the cross between the two white- 
seeded varieties, White kafir and Sunrise kafir, no plants with colored 
seed were obtained. 

Sieglinger® also determined the inheritance of three color factors in 
the cross Standard feterita x Red kafir. As noted above, Red 
kafir differs from Sunrise kafir in that it has a colored pericarp, both 


5 SIEGLINGER, J. B. SEED-COLOR INHERITANCE IN CERTAIN GRAIN-SORGHUM CROSSES. Jour. Agr. Re- 
search 27: 53-64. 1924. 
6 SIEGLINGER, J. B. Op. cit. 
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lacking the nucellar layer with its accompanying pigmentation. 
Sieglinger designated the genetic color make-up of feterita as BBssrr, 
and that for Red kafir as bbSSRR. The effects of the Bb, Ss, and 
Rr factors were the same as in the previously noted crosses, the 
presence of either the S or the R factor causing the brown color to 
appear in the epidermis of the seed. On a basis of three color factors 
the segregation in the F, generation should give 45 plants with 
brown seeds and brown nucellar layer, 3 with white seeds and brown 
nucellar layer, 12 with red or light-red seeds and no brown nucellar 
layer, and 4 with white seeds and without a brown nucellar layer. 
The observed ratios were in close agreement with this calculated 
distribution. 

Conner and Karper ® obtained a ratio of three plants with colored 
grain to one with white in a cross between Dwarf White milo and 
Dwarf Yellow milo. These investigators also obtained a segregation 
of 1 plant with red kernels, 2 with pale-red kernels, and 1 with white 
kernels in a cross between Blackhull White kafir and Red kafir, or a 
ratio of 3 colored to 1 white. Similar results were obtained from a 
cross of Blackhull White kafir x Pink kafir, except that the colored 
seed was designated as ‘‘ pink” and “pale pink” in the F, generation. 
Representative types of homozygous pink, heterozygous pink, and 
homozygous white from the F, generation were grown in the F; 
generation and the correctness of the 1:2 :1 segregation was sub- 
stantiated. The F, progeny from 72 heterozygous individuals of the 
F; generation did not, however, give a very close approximation to 
the expected 3:1 ratio, the observed numbers being 3,163 colored 
and 1,477 white. The authors state: ‘This is evidently a poor fit 
for the classes, for reasons not known at this time, except for lack 
of proper determination of classes.” 

From the above review it is apparent that the inheritance of grain 
color in sorghums is complex and has not been worked out definitely. 
The writer believes, however, that a knowledge of the structure of 
the seed coat and the location of pigmentation offers a correct basis 
for interpreting data on the inheritance of seed color. The writer 
proposes some slight modifications of Sieglinger’s hypothesis as to 
the effects of the several factors influencing the inheritance of color. 
It is believed that the modification, which is based on studies of 
seed structure, is substantiated both by the data of others just cited 
and by additional data presented in this paper. 


INVESTIGATIONS 
SEED COATS OF SORGHUMS 


The sorghum kernel is a caryopsis. The pericarp, derived from 
the wall of the ovary, consists of epidermis, hypoderm, mesocarp, 
and cross and tube cells. Winton® found that the grains of some 
varieties of sorghum possess a nucellar layer, while in other varieties 
this layer is absent. The writer’s observations agree with this con- 
clusion. The nucellar layer is sometimes referred to as the hyaline 
layer. Morphologically it is derived from the nucellus. In some 


5 CONNER, A. B., and KARPER, R. E. THE INHERITANCE OF SEED COAT COLOR IN CERTAIN CROSSES IN 
GRAIN SORGHUM. Jour. Amer. Soc. Agron. 15: 338-344. 1923. 

* WinTON, A. L. THE ANATOMY OF THE FRUIT OF CERTAIN CULTIVATED SORGHUMS. Conn. State Agr. 
Expt. Sta. Ann. Rpt. (1902) 26: 326-338, illus. 1903. 
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varieties of sorghum the developing endosperm completely absorbs 
the nucellus, while in others a layer of cells derived from the nucellus 
remains. Immediately under the nucellar layer is the aleurone layer, 
a part of the endosperm. 

The color relationships of the different structures of the seed coat 
in the sorghum varieties studied by the writer were very definite. 
The nucellar layer when present contained a reddish brown pigment 
in all of the varieties studied. Color due to this pigmentation will 
be designated nucellar color. 

The mesocarp is a starchy structure. When it is thick it obscures 
the color of the nucellar layer. If it is vestigial in development, the 
pigment in the nucellar cells is visible in varying degrees of intensity 
through the more or less corneous epidermal and hypodermal cells 
of the pericarp. Careful examination revealed no definite areas of 
pigmentation in the mesocarp itself. In a very few specimens small 
irregular areas appeared slightly colored as if the pigment had diffused 
from the nucellar layer into the adjacent starchy cells of the meso- 
carp. These colored mesocarp cells did not appear as compactly 
arranged as others in this structure. From this study it is at least 
safe to conclude that the starchy cells of the mesocarp carry pig- 
ments but rarely, and then only in very small irregular areas. In 
the seeds of two crosses of Pink kafir x feterita the mesocarp was 
found to be entirely missing, although the nucellar layer was present." 

The epidermal and the hypodermal cells of the pericarp are the 
carriers of pigmentation when color is found in the outer portion of 
the seed coat. In this paper such coloration is termed “pericarp 
color.”’” Whether this pigment is of the same origin as that found 
in the nucellar layer was not determined by the writer. An intensely 
colored pericarp seems to be associated with a vestigial mesocarp 
and a pigmented nucellar layer. 

The seed-coat structures of five varieties of sorghum are shown 
diagrammatically in Figure 1. Feterita has a chalky-white seed. It 
has a well-developed nucellar layer, but the color is obscured by the 
thick, highly developed mesocarp. The pericarp is colorless. Red 
Amber sorgo has a well-developed nucellar layer, a thin mesocarp 
(about 10 » in thickness), and a reddish brown pericarp. Blackhull 
kafir has a colorless pericarp and no nucellar layer except for sl'ght 
traces that are believed to be responsible for the colored specks in the 
seed coat. Yellow milo lacks the nucellar layer and has a poorly 
developed mesocarp. It has a salmon-yellow pericarp. Both Freed 
sorgo and White milo have poorly developed mesocarps and lack 
nucellar layers. Both lack percarp color. 


RELATION OF SEED-CoOAT STRUCTURE TO GENETIC FAcTOoRS 


The relation of the seed-coat structures to the genetic factors that 
control color inheritance is assumed by the writer to be as follows: 

The factor B determines the presence of the pigmented mucellar 
layer and also is considered responsible for the development of the 
traces of nucellar color that may pass into the mesocarp or even into 
the pericarp if the mesocarp is poorly developed. S is a dominant 
factor, the presence of which causes a vestigial or poorly developed 


10 The seeds of these crosses were supplied by J. B. Sieglinger, Office of Cereal Crops and Diseases, and 
R. E. Getty, Office of Forage Crops, Burean of Plant Industry, U. 8S. Department of Agriculture. 
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mesocarp. The recessive allelomorph s determines a well-developed, 
starchy, opaque mesocarp, the presence of which inhibits even a 
slight expression of nucellar coloration, due to B, in the epidermal 
and hypodermal cells. When R is present, color is produced in the 
epidermal and hypodermal cells. When B and R are both present 
together with S, the factor for a poorly developed mesocarp, the 
effect is an intense coloration. 













TR 
Nett on 


Fic. 1.—Diagrammatic sections of the seed coats of five sorghum varieties: a, Cuticle; b, epidermis; c, 
hypoderm; d, mesocarp; e, nucellar layer; f, aleuronelayer; g,endosperm. A, Feterita; colorless epidermis 
and hypoderm, highly developed mesocarp, and nucellar layer; B, Red Amber; colored epidermis and 
hypoderm, thin mesocarp, nucellar layer; C, Blackhull kafir; colorless epidermis and hypoderm, thin 
mesocarp, and nucellar layer absent except for slight remnants; D, Yellow milo; colored epidermis 
and hypoderm, thin mesocarp, nucellar layer absent; E, Freed sorgo and White milo; colorless epidermis 
and hypoderm, thin mesocarp, nucellar layer absent 


It is assumed that there are two classes of white seed, namely, 
pseudowhite and true white. The pseudowhites (BBssrr and Bbssrr) 
are so designated since the nucellar color factor B is present while 
the pericarp color factor R is absent. When B is present there is 
color in the nucellar layer, but it is masked by the well-developed 
mesocarp due to s. The true whites have the factorial constitution 
bbssrr, bbSsrr, or bbSSrr and are true whites because of the absence 
of both the pigmented nucellar layer and pericarp color. 
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The aililatiti can usually be distinguished i removing the 
pericarp with a penknife to ascertain whether or not the pa Base 
nucellar layer is present. 

Because of the nucellar layer, varieties of the pseudowhite group 
when crossed with other varieties may give coloration in progenies, 
depending on relative mesocarp thickness. When two varieties of 
true-white factorial constitution are crossed, only white-seeded 
progenies can be obtained. The pericarp of sorghums of the factorial 
constitution BBSSrr, BBSsrr, BbSSrr, and BbSsrr may possess some 
slight degree of coloration even though the pericarp color factor R is 
absent. How this slight pigmentation in the epidermal and hypo- 
dermal cells may occur is not clear, but in observed cases it was noted 
that the phenomenon was associated with a relatively thin mesocarp 
35 w to 50 uw in thickness. With a mesocarp of this thickness the 
nucellar color factor B apparently produces some pericarp color. 

Data on seed-coat structure, the suggested genotype color factor 
constitution, and the actual seed color of the more important sor- 
ghum varieties are given in Table 1. 


TaBLe 1.—Thickness of the various seed-coat structures, pigment location, super- 
ficial seed color, and possible color factorial constitution of representative sorghum 
varieties 











Thickness in microns of— | | | 
| Pos- 
Peri- Pericarp | sible 
carp, : ‘ om 
Sorghum linelud-| .- socation of| for on 
variety ing 1 Epi- | pigment color | Notes 
ar : 
nucel- . . dermis, | inheri- | 
lar no Meso- hypo- tance «| 
layer if} OMY | CalP | derm, | 
pres- y and | 
ent cuticle | | | 
| a aa 
Potrts. ......-- 140 55 70 15 | Nucellar_- | Bsr Chalky-white pericarp. 
Dwarf hegari_- 140 56 77 7 |_..do AS ‘| Bsr Colorless pericarp with small 
| | reddish specks. 
Manchu brown 140 35 | 70 35 {Nucellar..) BsR | Walnut-brown pericarp 
kaoliang. } peg ‘ “* \\Pericarp..|f ** ‘ 
Red Amber-.---- 110 60 | 10 40 |...do.___.. BSR | Reddish brown pericarp. ’ 
Broomcorn .. - 95 45 10 = ae | BSR | Amber to walnut-brown peri- 
carp. 
Kansas Orange. 85 25 25 i, a See | RSR_ | Walnut-brown pericarp. 
Darso eS 80 30 28 ra Bae” “See | BSR Do. 
Schrock. ........ 125 45 50 | 30 |...do.__...| BSR Do. 
Sudan grass _---_- 30 15 | Trace. = RSR | Chocolate-brown pericarp. | 
Pink kafir ‘ee 78 3 50 . | ee ee | BSr Colorless pre with pinkish 
| | | specks or blotches. See text 
| | regarding nucellar layer. 
Dawn kafir 70 | Absent. 40 30 | Absent_...| Sr Colorless pericarp with small 
(Dwarf Black- | | — brown specks or 
hull). | blotches. 
Sunrise kafir__._- 80 Absent. 45 35 |___do. a a Do. 
Reed kafir____._- 75 | Absent. 45 ip es ‘| bSr Do. 
Red kafir_____._- 45 | Absent. 20 25 | Pericarp bSR | English red pericarp. 
Freed sorgo.._.-- 65 | Absent. 30 35 | Absent....| 6Sr Colorless pericarp. 
Shallu.. ‘| 50 | Absent.| 10] 40 |...do._.... bSr Do. 
Yellow milo. ___- 65 | Absent. 45 20 | | Pericarp_ .| bSR  Ochraceous-salmon yellow peri- 
carp. 
White milo_____- 75 | Absent. | 40 35 | Absent..._| Sr Colorless pericarp. 








« R,a dominant factor for pigmented nucellar layer, and ), its allelomorph for absence of nucellar layer and 
color; S, a factor for vestigial mesocarp, and s, its allelomorph for a heavy, starchy, opaque mesocarp; R, 
a dominant factor for color in the epidermal and hypodermal cells of the pericarp, and r, its allelomorph 
for lack of color in this region. 
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GENETIC DATA 
Rep AMBER SorGo X FETERITA 


The original Red Amber sorgo X feterita cross, with its reciprocal, 
was made in 1917, and the F, generation was grown by the writer in 
1919, long before the seed-coat study reported above was made. In 
the F, generation the color intensities of segregates ranged from deep 
mahogany red or brown to white. Without a knowledge of the 
structure of the seed coat and the location of pigmentation it was 
difficult to classify the various colors properly. In this cross both 
parents possess a highly developed pigmented nucellar layer. The 
Red Amber sorgo differs from the feterita in that it possesses a pig- 
mented pericarp with a poorly developed or vestigial type of meso- 
carp. The feterita has no pericarp color, but it has a highly developed 
starchy, opaque mesocarp that completely masks the pigmented 
nucellar layer. 

The factors for seed color in line with Sieglinger’s" findings may 
be designated in Red Amber as BBSSRR, and for feterita as BBssrr. 
The varieties, therefore, differ by the two factors S and r. The F, 
factorial constitution may be designated as SsRr. The 1,352 F, plants 
were classified as shown in Table 2. 


TABLE 2.—Segregation for seed color and suggested factorial constitution in the 
F, generation of the cross Red Amber sorgo X feterita grown at Hays, Kans., in 
1919 


| Number of plafts having 


| | Light buff, Total 











Item cream,* and) mn, number 
Dark and en True | § 
light brown| Buff seeds nal white of plants 
| Seeds (with nucel-| Seeds 
lar layer) 
| | 
Observed____- ele cedniatoag See ee | 771.0 260. 0 321.0 None. 1, 352 
Calculated - - - - GE ERE 760. 5 253. 5 338. 0 None. 1, 352 
Deviation --_.....-. dane ee ae 10.5 DP itctadendalstucosieask 
\( 1 SSRR 1 SSrr- Tag ASW IRRA 
eT ee 2 SsRR ee Sa SE ea 
Factorial constitution 2 SSRr . eerr 
4 SsRr Musececedensehaedbeutevasuigh 
oo, Yh ey oan 9| 3] 4 


*The slight coloration in this group is believed to be due to nucellar pigmentation. 
> x?=1.1667; P=0.5667. 


No true whites would be expected in this cross, since both parents 
possess the pigmented nucellar layer. When the original classifica- 
tion was made in 1919, seeds with a slight tint of buff or cream color 
were placed in the true-white group. This was, of course, incorrect, 
as will be shown in the analysis of the reciprocal cross feterita x Red 
Amber sorgo made at a later date. Only 1 individual (ssrr) out of 16 
would be expected to have the pseudowhite seed color of the feterita 
parent. That this was correct was showh by segregation in the 
reciprocal cross feterita X Red Amber sorgo, as shown in Table 3. 


1 SIEGLINGER, J. B. Op. cit. 
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TABLE 3.—WSegregation for seed color in the Fy, generation of the cross fete- 
rita X Red Amber sorgo, grown at Hays, Kans., in 1919 


Number of plants having 


Item Total num- 


Colored Pseudo- | True white dh 
seeds white seeds seeds I , 


Observed 1, 016 74 None. 1, 090 
Calculated (15 : 1) 1, 022 | 68 None. 1, 090 


Deviation_-. ; . ; 6+7. 99 6+7. 99 


Microscopic examination was made of the seed coats of kernels of 
the several phenotypes of the Red Amber X feterita cross and of the 
parents. The relation of the mesocarp thickness to color in the 
several phenotypes, all of which possess the nucellar layer, is shown as 
follows: 


Thickness of Thickness o 
Phenotype mesocarp (u) Phenotype mesocarp 
Red Amber sorgo parent 10 | Buff ; 5 
Feterita : 70 | Light brown _- 
Pseudowhite 70 | Dark brown 
Light buff 40 | 


Classification for the reciprocal cross was more exact than for the 
original cross in 1919. On the basis of this more exact separation 
there were 15 plants with colored seeds to 1 plant with pseudowhite 
seeds. Since the microscopic examination of the seed coats of the 
different phenotypes possessing a nucellar layer showed that the 
pseudowhite color of feterita is due to a well-developed starchy meso- 
carp, the genetic data show that such a mesocarp is inherited as a 
recessive character. 

The observed number of plants having pseudowhite seeds very 
closely approximated the theoretical number. As previously pointed 
out, no true whites could be expected in this cross. These data con- 
firm those of Vinall and Cron” for the same crosses. These workers 
state that difficulty was experienced in properly classifying the 
colored heads. 

The F; generation of the Red Amber sorgo X feterita progeny was 
grown and classified for color segregation. The F, seed had been 
inoculated with spores of kernel smut in order to study the inheritance 
of smut resistance, and as a result many of the heads were destroyed. 
This reduced the number available for color classification. Some of the 
F, heads that had been classified as white produced slightly colored 
seed in the F; generation. Likewise some F, heads that had been 
classified as browns and buffs produced a small proportion of whites 
in the F; generation, as would be expected from the segregation of 
heterozygous material. (Table 4.) 


2 VINALL, H. N., and Cron, A. B. Op. cit. 
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TaBLE 4.—Expected F3; breeding behavior of the cross Red Amber sorgo X feterita 


‘. z ante .y | Genotype 1 : > . , = owt 
F, phenotype and frequency frequency Genotype Expected F; breeding behavior 


.. SSRR_..... Brown (intensely colored), breeding true. 
iii j2 SsRR__... 3 brown, 1 buff. 
: SSRr . 3 brown, | light buff 
Ss Rr 9 brown, 3 buff, 3 light buff or cream, and 1 
pseudowhite. 
3 buff .| ssRR . Buff, breeding true. 
‘ . ‘ 8s Pr .| 3 buff, 1 pseudowhite 
: ’ : SSrr Light buff, breeding true. 
3 light buff and cream ‘ Ssrr 3 light buff or cream, 1 pseudowhite. 
1 pseudowhite ssrr Pseudowhite, breeding true. 





The color of kernels classified as light buff, salmon, pinkish, and 
cream is believed to be due to the presence of both the nucellar factor 
B and the S factor for the thin mesocarp. 


FREED SorGo X FETERITA 


The F, generation of a cross between Freed sorgo and feterita was 
grown at the Hays station in 1926. The seeds of this cross were classi- 
fied in the field during the fall of 1926 before a study had been made 
of pigment location. Seed colors fell into three phenotypes, none of 
which was highly colored. The most intensely colored seeds observed 
were described as light buff, others as buff white and a third group as 
white. An interesting feature of the buff-white group was the fact 
that the lower two-thirds of the seed, which was protected by the 
glumes, was white. The outer or upper end 6f the seed, which was 
more exposed to sunlight, was buff in color. 


TABLE 5.—Segregation for seed color and suggested factorial constitution in the F, 
generation of the cross Freed sorgo X feterita grown at Hays, Kans., in 1926 


Number of plants having 


Pseudo- True white 
wanes Light buff | Buff white | White seeds seeds Total 
F ponds seeds (with (without | number 
: - : : nucellar nucellar of plants 
layer) layer) 


Observed _. ~ 301 
Calculated 32 176 
Deviation 15 
1 BRss 2 Rbss 1 bbss 
Factorial constitution 2 BBSs 1 BRBss 2 bbSs 
2 RbSS 1 bbSS 
Ratio ¢ 5 7 4 


* The plants having pseudowhite and white seeds were grouped together and the values for ,? (= 1.5454) 
and P (=0.4764) determined on the basis of a 5: 4:7 ratio. 


As shown in Table 5, a Freed sorgo seed is without a nucellar layer 
or pigmentation in any region, and it has a thin mesocarp. The 
only source of coloration in either parent of the cross is the highly 
colored nucellar layer of the feterita parent. In feterita this colora- 
tion is obscured by a well-developed mesocarp. The nucellar layer 
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in the absence of a well-developed mesocarp and of pericarp color 
may cause seed colors ranging from light buff or pink to cream. 
The genetic factors for seed color in the Freed sorgo are designated 
as bbSSrr and for feterita BBssrr. The recessive factor r is common 
to both parents. As shown in Table 5, the segregation in the F, 
generation for the two remaining factors was in the simple dihybrid 
ratio of nine plants with colored seeds to seven plants with white 
seeds. The observed segregation was in accord with the theoretical. 


DISCUSSION 


It frequently has been stated that normal characters are the result 
of the interaction of many factors plus environment. The effect of 
such interaction is strikingly demonstrated in the case of the three 
factors (B, S, and R) responsible for the inheritance of color in the 
seed of sorghum. When all three factors are present the pericarp 
is intensely colored. If the nucellar layer is present in combination 
with a highly developed mesocarp the nucellar color is invisible. To 
this extent a thick mesocarp functions as a color inhibitor. <A very 
thin mesocarp makes it possible for nucellar pigmentation to be ob- 
served through the pericarp, and there is some indication of slight 
pigmentation in the pericarp itself even when the pericarp color factor 
is absent. The mesocarp was entirely absent in a few specimens 
examined. 

The data indicate that mesocarp development is dependent on a 
single main pair of factors. <A highly developed thick mesocarp is a 
recessive character. The extent of mesocarp development is some- 
what variable, but whether this variation is the result of environ- 
mental influences or modifying genetic factors is not known. The 
extent to which environment might influence the expression of seed 
color in sorghums is apparent from even casual observation. For 
instance, in a year of extreme drought mesocarp development might 
easily be less than in a year of sufficient moisture. Such a reaction 
would have a direct influence on the intensity of seed color in so far 
as this is determined by mesocarp thickness. 

Whether the pigment found in the nucellar layer is of the same 
chemical origin as that found in the epidermal and hypodermal cells 
in the pericarp was not determined. Genetically two different factors 
are responsible for the development of color in the two regions, one 
acting in the nucellar layer and the other in the pericarp. The data 
from crosses in which the pigment was located in the nucellar region 
seem to indicate that slight pigmentation also occurred in the pericarp 
of progenies in which the mesocarp was relatively thin. This would 
indicate at least some slight effect of the B factor on the epidermal 
and hypodermal cells of the pericarp when a thick mesocarp is not 
present to act as an inhibitor. That the two color factors are distinct 
is shown, however, when a sorghum such as Yellow milo with a 
colored pericarp is crossed with a variety lacking pigmentation in 
any region. In such cases seed color is inherited in a monohybrid 
ratio. 

Reference has been made in Table 1 to certain varieties of kafir 
and Dwarf hegari that are white or colorless with small reddish brown 
specks or blotches. These specks are a definite varietal character- 
istic. Microscopic examination of Blackhull White kafir seed in 
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areas where the specks occurred showed small but scattered remnants 
of pigmented nucellar cells. In sections taken a little to one side of 
the specks there were no nucellar cells. It was also noted that the 
starchy mesocarp cells were very poorly developed just above the 
nucellar remnants, so that the coloration of the remnant groups was 
highly apparent. 

Dwarf hegari has a fully developed nucellar layer, but the seed 
coat is more or less specked. In this variety the mesocarp was more 
poorly developed in the areas where the specks occurred than in 
sections taken a little to one side of the coloration. 

A peculiar condition was found in some strains of Pink kafir in 
that a faint remnant of the nucellar cell walls surrounded the entire 
endosperm. The thickness of this remnant wall averaged approxi- 
mately 3 u, while the thickness of the nucellar layer in most varieties 
measured from 25 » to 50 uw. The seed coat of Pink kafir is colorless 
except for pinkish specks or blotches. These specks apparently are 
due to isolated groups of nucellar cells overlaid by a thin mesocarp 
similar to those occurring in the white-seeded kafirs. 

The inheritance of specks on the seed coat has not been determined. 

The writer was not able to determine any relation of the aleurone 
layer or the endosperm to color development in sorghum. The cells 
of the aleurone layer in all sorghums are relatively small and like the 
endosperm are without color. The aleurone and endosperm color 
factors so prominent in corn have no apparent analogy in sorghum. 

A knowledge of seed structure and its relation to the inheritance of 
seed color should aid in classifying and in determining the origin of 
the numerous sorghum hybrids that are constantly arising under 


field conditions. 
SUMMARY 


The inheritance of seed color in sorghums has been perplexing. A 
knowledge of seed-coat structure and the location of pigments in 
sorghum kernels as determined by microscopic observations gives a 
better basis for interpretation than has been available heretofore. 

Pigmentation may occur (1) in the epidermal and hypodermal cells 
of the pericarp, (2) always in the nucellar layer when this structure 
is present, or (3) in both regions at the same time. The nucellar 
layer does not occur in all varieties. 

B is assumed to be a factor the presence of which is responsible for 
the development of the nucellar layer and its associated pigment. 
Its recessive allelomorph, 6, determines the absence of a nucellar layer 
and a consequent lack of any color due to nucellar pigmentation. There 
is some evidence that the B factor may cause a slight coloration in the 
epidermis of the pericarp when in combination with the factor S. 

S is assumed to be a factor determining the development of a 
vestigial type of mesocarp, its recessive allelomorph, s, determining 
a well-developed, starchy, opaque mesocarp. A thick starchy meso- 
carp masks nucellar color and inhibits even a slight expression of 
color in the pericarp due to B. 

R is a factor determining coloration in the epidermal and hypo- 
dermal cells of the pericarp, r being its allelomorph responsible for 
the absence of color in the pericarp. AR is greatly intensified in the 
presence of B and S. Slight coloration in the pericarp due to the 


23317—28——2 
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nucellar factor, B, is independent in its inheritance from the pericarp 
color factor, R, the interaction of these two factors producing a more 
intensive color in the presence of S. 

The thickness of the mesocarp is a determining factor in the external 
expression of nucellar coloration. When about 70 u in thickness the 
mesocarp masks nucellar color and completely inhibits any slight 
color that might occur in the pericarp due to the factor B. The 
mesocarp ranges in thickness from nothing in certain unclassified 
sorghum hybrids to 70 u or more in feterita. Environmental influences 
may alter the development of the mesocarp and affect the expression 
of pericarp pigmentation to a certain degree, but for the most part 
it is believed that the thickness of the mesocarp in any variety of 
sorghum is a fairly constant heritable character. 

The nucellar layer is a remnant of the nucellus that was not absorbed 
during the development of the embryo and endosperm. In some 
varieties of sorghum the nucellar layer is entirely absorbed. It was 
never more than one cell thick in any variety studied, and in seeds 
of Pink kafir only a thin remnant of the outside wall of the nucellar 
layer was found. A group of scattered nucellar cells overlaid by a 
thin mesocarp is believed to be responsible for the specks found in 
the seed coat of certain white-seeded kafirs. 

There apparently are no endosperm or aleurone colors in sorghums 
such as occur in corn. 





THE RELATION OF SODIUM NITRATE AND CERTAIN 
OTHER NITROGEN CARRIERS TO THE DEVELOPMENT 
OF CHLOROSIS IN RICE! 


By W. H. Merzcer, Assistant Agronomist, and GrorGe JANSSEN, Assistant 
Agronomist, Arkansas Agricultural Experiment Station ? 
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INTRODUCTION 


The relative value of nitrate and ammonium salts as sources of 
nitrogen for rice has been the subject of numerous investigations. 
In general it has been the conclusion from such investigations that 
ammonium salts are of decidedly greater value than nitrate salts 
for this purpose. 

Various explanations have been offered for the failure of nitrates, 
under comparable conditions, to produce growth and yields of 
rice similar to those produced by ammonia. Unfavorable soil reac- 
tion, unavailability of iron, accumulation of poisonous nitrites when 
nitrates are reduced in submerged soils, and denitrification have 
been offered as explanations of the unfavorable results secured with 
nitrate nitrogen. Various investigators have attempted also to 
determine the cause of the development of chlorosis in rice. It 
was for the purpose of securing further experimental evidence con- 
cerning these questions that the work here reported was undertaken. 


EXPERIMENTAL METHODS 


A study was made of soil reaction and of nitrogen changes in both 
greenhouse and field soils. Three series of cultures were studied in 
the greenhouse. The soil used was taken from the experiment 
station farm and is classified as Clarksville silt loam. It had not 
been cropped to rice previously. 

Corn was grown on it the previous year. The soil was taken 
from a slightly eroded spot and was therefore very low in organic 
matter and total nitrogen. It is of limestone origin, but cropping 
and leaching have reduced its basic materials until it now shows an 
acid reaction. 

The soil was taken from the field, screened, thoroughly mixed, 
and placed in glazed earthenware jars in the greenhouse. There 
it remained from January 20 to March 14. No water was added 
and no drainage was provided. Treatments were applied March 14 
and the experiments started. Common vetch plants almost at 
bloom stage, cut into 1-inch segments and thoroughly mixed with 
the soil, were used for green manure. Chemically pure fertilizer 


1 Received for publication Sept. 4, 1928;issued December, 1928. Contribution from the Department of 
Agronomy, Arkansas Agricultural Experiment station. Published with the approval of the director 
of the station. Research paper No. 104, Journal Series, University of Arkansas. 

2 The writers acknowledge their indebtedness to G. H. Banks, assistant director in charge of the Rice 
Branch Experiment Station at Stuttgart, Ark., for taking the field samples and for field observations. 
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salts were applied by spraying on in solution, the soil being spread in 
a tub and shoveled over as the spray was applied. 

The first series of jars was used for a study of nitrogen changes. 
The second series was devoted to a study of soil reaction and the 
third series was used to furnish a basis of comparison between various 
nitrate and ammonium salts in different concentrations. 

In addition to the greenhouse work, field samples were taken at 
intervals from certain of the fertility plots at the rice branch station 
and analyzed. Nitrogen changes and the soil reaction were studied 
in these samples. 

Water extracts were made of both wet and dry soils for nitrogen 
studies. When analyzing flooded soil, the excess water was poured 
from the sample and 60 gm. of the soil were weighed out for analysis. 
To this was added 250 c. c. of distilled water in a shaker bottle. With 
dry soil only 50 gm.were used. After 20 minutes agitation in a mechan- 
ical shaker the samples were filtered. Owing to the presence of con- 
siderable carbon dioxide in the samples of flooded soil and the con- 
sequent formation of carbonate in the extract calcium hydroxide did 
not give entirely satisfactory results as a flocculent. Sodium chlo- 
ride was therefore substituted, as it was found that it did not interfere 
with or influence the ammonia, nitrite, nitrate, and total. soluble 
nitrogen determinations, provided silver sulphate was used to precip- 
itate the chloride in the nitrate determination as recommended by 
Harper (4).* After filtering aliquot portions were withdrawn for the 
various determinations. 

Ammonia was determined by Nesslerization, nitrites by the Greiss 
colorimetric method, and nitrates by the phenoldisulphonic acid 
method. Total nitrogen was determined by the Kjeldahl method 
modified to include nitrogen as nitrates. Hydrogen-ion concentration 
was determined colorimetrically, using the drop-ratio method de- 
scribed by Gillespie (3). Water extracts in the ratio of 1:2 were 
made for the hydrogen-ion determinations by the dialysis method 
described by Pierre and Parker (12). 

Rice of the Blue Rose variety was used throughout the experiment. 
The seed was germinated in silica sand with distilled water and 
transplanted to the jars when 3 to 4 inches high. Ten days after the 
plants were transplanted the soil was submerged. 


NITROGEN CHANGES IN SOIL 


The writers have shown in a previous publication (6) the nature 
of the nitrogen changes taking place in a submerged soil when cropped 
to rice and when uncropped. In the work reported here an attempt 
was made to determine how much nitrogen was available to the rice 
plants at various stages of growth and ascertain the form in which 
it existed. Twelve jars were used, 4 of which were treated with 
green manure (vetch) at the rate of 12 tons per acre, 4 with sodium 
nitrate at the rate of 250 pounds per acre, and 4 with ammonium 
sulphate at a rate sufficient to supply the same quantity of nitrogen 
applied to the sodium nitrate series. The green manure treatment 
was rather heavy and carried more nitrogen than the fertilizer salts, 
but the heavy application seemed desirable in order that a large 


* Reference is made by number (italic) to ‘Literature cited,” p. 60], 
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amount of ammonia might be available in these jars. Two jars of 
each treatment were cropped and two were not. 

The rice plants were transplanted into the jars on March 16. All- 
jars, cropped and uncropped, were flooded with distilled water 10 
days later, March 26. Samples of soil were withdrawn from the jars 
at intervals during the experiment and analyzed for ammonia, ni- 
trites, and nitrates. In certain of these analyses an exactly similar 
sample was extracted in the same manner and a 200 c. c. aliquot 
sample used for determination of total soluble nitrogen by the Kjel- 
dahl method, modified to include nitrogen as nitrates. After dis- 
tillation into standard acid the sample was Nesslerized in order that 
it might be strictly comparable to the ammonia determinations. 

The first samples were taken from the dry soil just before the rice 
was transplanted, the second 25 days after the jars were flooded, 
the third 17 days later, and the fourth 15 days later. The results of 
these analyses are shown in Table 1. As in the previous work of 
the writers (6), nitrites were not present in significant quantities at 
any time, never exceeding 0.10 part per million parts of oven-dry 
soil. These results are, therefore, omitted from the table. 


TABLE 1.—Nitrogen as ammonia, nitrates, and total soluble nitrogen in variously 
treated soils sampled before and at intervals after flooding, together with the yield 
of rice straw in the cropped soil 








Second Third Fourth 
First sampling, | sampling, sampling, 
sampling, Apr. 20 May 7 ; May 22 ‘| 
Mar. 16 (25 days (42 days (57 days 
(dry soil) after after |Total| after | Total) Yield 
— flooding) flooding) | solu-| flooding); | solu- | or rice 
No Treatment bes — ble | parts per ble | straw 
_ nitro-| million of | nitro-| (dry 
Parts per million of nitrogen gen nitrogen gen | weight 
present as— present as— 
NHs | NO; | NHs| NOs | NHs| NOs NH; | NOs 


258-259 | Green manure, | Grams 










cropped...--------. | 44| 13.9] 6 7| “) | 62) @ | 88] 52) @ | 104] 153.3 
260-261 | Green manure, nocrop.| 4.7 | 13.3 | 13.9 (‘) 56. 2 (‘) 49.8 | 38.9 (‘)  ¥ | Seer 
26: 3 | NaNOs, cropped --__- 2.9) 268) 41] (4) 6.0) () 65) 7.7) @ 7.2 80.5 
26 5 | NaNOs, no crop_.._-_-- 2.9 | 27.2} 8&1] 10.2) () 14.4) 86) (4) 12.1 See: 
266-267 | (NH4)2804, cropped...) 10.6 | 11.8 4.2 | () 6.1 (') 15. 2 4.7 (‘) 8.9 108. 0 
268-269 | (NH4)2SO«, no crop_.-| 10.5 | 11.6 8.6 @) 16. 4 (') 21.6 9.9 (') Tee etensee 


1 Trace. 


The results here shown indicate that the reduction of nitrates is 
very rapid in flooded soils. Kelley (8) and Nagaoka (9) found that 
sufficient nitrites were produced from the reduction of nitrates to 
exert a toxic effect on rice. The results of the writers in this and pre- 
vious work (6) substantiate those of Willis and Carrero (15) and 
indicate that nitrites are probably not significant at any time in 
the soils investigated. 

When the amounts of ammonia are compared with the figures 
for total soluble nitrogen it appears that ammonia constitutes, in 
most cases, nearly all of the total soluble nitrogen. The methods 
used may have been partially responsible for the larger discrepancies, 
the reasons for which are not clear. 
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It seems probable that some of the differences, in certain cases at 
least, between the amount of ammonia and the amount of total 
‘soluble nitrogen may have been due to amino nitrogen. Panganiban 
(11) found quantities of amino nitrogen in flooded rice soils ranging 
from 8.82 to 10.72 p. p. m. Using 2 per cent sodium hydroxide 
solution for extraction as recommended by Potter and Synder (/3) 
and as used by Panganiban, and with a Van Slyke apparatus for 
making the determinations, the writers found as much as 10.7 p. p. m. 
of amino nitrogen in the jars to which sodium nitrate had been added. 
How much of this nitrogen is soluble in water and available to the 
plants is a question that has not been investigated. 

Chlorosis became manifest in the plants treated with sodium 
nitrate by the close of the fifth week. It became pronounced by 
the close of the sixth week and persisted for nearly five weeks, when 
the plants began to assume a normal color again. Chlorosis also 
appeared in the plants treated with ammonium sulphate but came 
later, persisted for a shorter time, and was never so pronounced. 
The plants treated with green manure never showed a chlorotic 
condition. 

Rice straw yields from this series are shown in Table 1. Since soil 
which has not been cropped to rice previously very frequently produces 
a great deal of sterility, otherwise designated as “straight head,” 
one jar of each set of duplicates was allowed to become dry for a 
period of a week just previous to heading. “Straight head, however, 
was only partially controlled, and grain yields, therefore, were not 
secured. The straw yields are averages of duplicates, as straw yields 
were not appreciably affected by drying the soil. Each jar contained 
10 plants. 

TOTAL-NITROGEN STUDIES 


So far as the writers are aware no experimental results have been 
presented to show definitely what becomes of the nitrogen in a nitrate 
salt when the nitrate is reduced in a rice soil, though Kelley (8) 
and Nagaoka (9) presented evidence indicating that some of the 
nitrogen may be lost. It has been assumed in many cases that it is 
lost as free nitrogen, while in others it is assumed to be only partially 
reduced, nitrites, ammonia, or lesser oxidized forms of nitrogen 
resulting. 

In the experiment just reported an attempt was made to solve 
this problem by studying the changes in total nitrogen. It was soon 
discovered, however, that the nitrogen as nitrate constituted too 
small a portion of the total nitrogen to enable the writers to detect 
changes. Accordingly, on May 1, a 200 gm. sample of finely pul- 
verized, oven-dry soil containing 2 p. p. m. of nitrogen as nitrate was 
placed in each of three shaker bottles of 475 c. c. capacity. To 
each of these samples was added sufficient pure nitrate of soda to 
supply 0.1003 gm. of nitrogen. After the addition of 120 c. c. of 
distilled water the bottles were shaken in a mechanical shaker for one 
hour and then a sample was quickly removed from each with a 
wide-tipped pipette for analysis. A similar sample was removed for 
determination of the amount of dry soil in the sample. Each bottle 
was vigorously shaken by hand before the removal of a sample. 

After the samples were removed the level of the water was care- 
fully marked on the bottles and they were placed in a laboratory 
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where no chemicals were used in order that they might be kept from 
any ammonia in the air. A sample 1 c. c. in size was removed from 
each bottle at intervals in order to determine when all the nitrates 
were reduced, and each time the new level of the water was marked 
on the bottle. On July 12, samples were again analyzed for total 
nitrogen. Not all the nitrates had been reduced, but a qualitative 
test showed far less nitrates than the samples originally contained. 
It seemed best not to let them stand longer as algae had begun to 
appear. The water in the bottles was carefully made up to the mark 
and sampling was done as before. In order to check the accuracy 
of the total-nitrogen determinations the nitrates were determined 
by the phenoldisulphonic acid method and subtracted from that 
originally put in the soil. The results are recorded in Tables 2 and 3. 


TABLE 2.—Change in the total nitrogen content of soil, treated with sodium nitrate, 
after standing submerged 


Total Total 
Sample No nitrogen | nitrogen 
on May 1 \on July 12 


Per cent | Per cent 


1 cane . 7 ~ —_ acta ‘ utes 0. O87 0. 053 
2 ee oe . ‘ ae ee as — . O80 . 055 
3 ipo. me » eaemneiinn micanetbhbhepeneet diteriesaee . O84 . 052 

nt tnitivinddctddncuitienabtinbiabinimidsdendidounvktidateka : . 0836 . 0533 


Average loss =0.0303 per cent or 303 p. p. m. 


TaBLeE 3.—Nitrate content of soil, treated with sodium nitrate, after standing 
submerged 


Parts per 
million of 
| nitrogen 
as NOs; 


Sample No. 


=e ‘ sted . js aa 132. 8 
2 ‘ ae 246. 6 
ee aa . 161. 6 


woe 
. 


FUINI. c cnisocine osecudebbisdcunabethtatuebaddbdnassnteniiabatamidasiaeete a 180. 3 


* This figure deducted from the N originally in the soil as NOs, 501.5 p.p.m., gives an average loss of 321.3 
p. p. m. 


The results secured indicate the nitrogen is lost when nitrates are 
reduced, the loss in total nitrogen agreeing fairly well with the loss 
shown by the nitrate determinations. Hence, when a nitrate salt 
has been applied to a rice soil and has been reduced it is probable 
that the plant will suffer from a lack of available nitrogen. 


INFLUENCE OF NITRATE NITROGEN ON DEVELOPMENT OF 
CHLOROSIS AND PLANT YIELD 


The results of fertilizer trials in the United States and other coun- 
tries have indicated, in general, that a nitrogen fertilizer whose nitro- 
gen is present as nitrate is inferior for rice fertilization to one in which 
nitrogen is present as ammonia. Palisoc (10) reported good results 
with ammonium nitrate in solution cultures, but under such condi- 
tions nitrates are not reduced as in submerged soil. Trelease and 
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Paulino (1/4) reported better results with ammonium nitrate than 
with any other form of nitrate in soil, but obtained still further 
improvement with a nitrogen equivalent application of ammonium 
sulphate. Willis and Carrero (15) suggested that the nitrate radical 
was probably somewhat toxic or in some way contributed to a chlo- 
rotic condition of the plant. They suggested further a possibility 
that the sodium ion in itself is toxic to rice. This latter explanation 
was suggested to the writers by some work with solution cultures. 
In order, therefore, to determine whether or not these factors are 
operative a third series of experiments was planned. 

It was assumed that, if the nitrate radical or the sodium ion con- 
tributed to the chlorotic condition of the plants, an increased con- 
centration of either should increase chlorosis. It was further assumed 
that if the sodium ion was toxic to the rice plant then sodium chloride 
should produce a toxic effect. The series was accordingly arranged 
in five groups, as follows: Group 1 (jars 300-303) had an application 
of ammonium sulphate, on the basis of 50 pounds per acre, applied to 
each jar. Jar 300 had no further treatment. Jar 301 received sodium 
nitrate in addition to the ammonium sulphate at the rate of 50 pounds 
per acre. Jar 302 was similarly treated except that the sodium nitrate 
was applied at the rate of 150 pounds per acre. Jar 303 had sodium 
nitrate applied at the rate of 450 pounds per acre in addition to the 
ammonium sulphate. 

Group 2 (jars 304-307) was treated like Group 1 except that cal- 
cium nitrate in equivalent quantities replaced the sodium nitrate. 
Group 3 (308-311) was also similar, but with ammonium nitrate 
in quantities sufficient to furnish an equivalent amount of nitrate 
nitrogen. Group 4 (312, 313) received ammonium sulphate at the 
rate of 50 pounds per acre, but jar 312 had sodium chloride added 
at the rate of 250 pounds per acre and jar 313 had calcium chloride 
added in sufficient quantity to give an equivalent amount of chlorine. 
The fifth group received only sodium nitrate, jar 314 having an 
application equivalent to 250 pounds per acre and jar 315 an appli- 
cation equivalent to 500 pounds per acre. 

Chlorosis appeared in all the plants in the series except the two 
receiving the heavier applications of ammonium nitrate. The chlor- 
osis appeared about a month after the plants were transplanted into 
the jars and persisted for a period of about four weeks. Even the 
plants in the jars receiving the heavier ammonium nitrate application 
showed some chlorosis near the close of this period, though it was never 
pronounced. After the four weeks’ period all plants again attained a 
green color and grew vigoroulsy. 

The plants receiving the heavier applications of sodium nitrate 
showed no more chlorosis than those receiving the lighter treatment. 
Those receiving sodium chloride had the same appearance as those 
receiving only ammonium sulphate. In so far as chlorosis is concerned 
the sodium ion did not appear to be responsible, as similar conditions 
obtained where calcium nitrate was used and also where the smaller 
amounts of ammonium sulphate were applied. Neither would it 
appear, therefore, that the nitrate radical produced the chlorotic 
condition. 

Willis and Carrero (1/5) and Kelley (8) observed chlorosis in rice 
plants in early stages of growth, but it disappeared as the plants 
became older. Willis and Carrero reported chlorosis in proportion 
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to the quantity of nitrate added. The writers’ results do not sub- 
stantiate these findings. In the ammonium nitrate group the heavier 
the applications the less chlorosis appeared. 

The plants in this series were not allowed to go to maturity, but 
were harvested at the age of 106 days and the weights of dry straw 
recorded. The results are shown in Table 4. The terms “‘light’’ 
““medium,’”’ and “heavy” are used to designate the relative rate of 
nitrate application. Each jar contained six plants. 


TaBLE 4.—Yields of rice straw on soil receiving different quantities of nitrate and 
ammonium salts 


Yield 
G J: of rice 
sroup) ear Treatment straw 
No No (dry 
weight) 
Grams 
300 =(NH4)2SO4- , i ee 12. 
1 301 | (NH4)2804 +N¢ aNO;. (light) -. = = é 12.8 
302 | (NH4)2804 +NaNO3 (medium)...-____- ELS RED M 13. 5 
303 | (NH4)2804 +NaNOs; (heavy) --..----...-- aiahese : chine 17.8 
304 | (NH4)2804-- “ EE ae a . ‘ome 13.0 
9 |) 305 | (NH4)2804 +C a(NOs)s (light) --.--.._----___- : 11.8 
“') 306 | (NH4)2SO4 +Ca(NOs3)2 (medium) - ‘ a ‘ : 12.3 
307 | (NH4)2804 +Ca(NOs3)2 (heavy) -_-_-- pinauteihean te. : 3 18.8 
308 | (NH4)2S04_-- nae . 14.4 
3 |) 309 | (NHs) )2804 +NHiN Os (light) - - mise aise 15.0 
' 310 | (NH4)2804 +NHiNOs; (medium) - ----.-__---- nenwbiod = eel 20. 2 
\{ 311 | (NH4)2SO.+NH4NOs (heavy) - -- -- PARA ACAD moe ss 33.5 
: 
4 [me ESS re eS ee ERM as SO PEN eT Oh 13.3 
Se III oliind sconce. cop chadiceneesipeinaaahnddaaspadbnadbedeasaeseuelene 13.5 
ie To sis segs chennai esis mtisnereipminenraainiededleite diiistabensinhGiatinmael 10.8 
a sk | SGI TREC SE agin NS Se ae! «| 15.0 





EFFECT OF SUBMERGENCE ON HYDROGEN-ION CONCENTRATION 
OF SOIL AND PLANT YIELD 


Willis and Carrero (15) at the Porto Rico station attempted to 
show the cause of the development of chlorosis in rice plants. Work- 
ing with both calcareous and noncalcareous soil, they concluded that 
a lack of available iron was primarily responsible for the chlorosis. 
They thought it probable that the sodium ion in sodium nitrate, 
left as a residue in the soil when the nitrate was assimilated, was 
instrumental in inducing chlorosis. This, they said, was due to the 
change in reaction of the soil brought about by the basic residue. 

The writers have observed chlorosis in rice plants in previous 
experiments. With these observations as a basis the second series 
of the present experiment was planned in such a way as to make it 
possible to study the relation of soil reaction and forms of nitrogen to 
chlorosis. It was designed to show whether soil reaction, involving the 
availability of iron, or the amount and availability of nitrogen was 
responsible for chlorosis. The soil, as stated previously, was not 
calcareous and its normal reaction was acid. 

Very little work has ever been reported concerning the reaction of 
submerged soils. In those cases where such work has been reported 
(including previous work (6) by the writers) it was assumed that 
the reaction of the irrigation water was a reliable criterion of the 
reaction within the soil mass, and determinations of hydrogen-ion 
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concentration were made, therefore, on samples of the flood water. 
In the present experiment samples of soil were removed from the jars 
at frequent intervals for determination of the hydrogen-ion concentra- 
tion. The soil in all jars was kept flooded continuously until about 10 
days before the last samples were taken, when one of the duplicate 
jars of each treatment was allowed to become dry in order to determine 
what change would take place in the reaction. Distilled water with a 
reaction of pH 6.5 was used for irrigating the plants. The numbers 
of the jars and the corresponding treatments are shown in Table 5. 


TaB_e 5.—Hydrogen-ion concentration of variously treated rice soils before and 
at intervals after flooding 


Hydrogen-ion concentration of soils on 


- Treatment Mar. hes 

on 21 | Apr.| Apr.| Apr. | Apr. | Apr. | May | June | July | July 
(origi-| 2 9 | 16 23 30 14 5 10 25 
nal) ¢ | 











pH | pH | pH | pH | pH | pH | pH | pH | pH 
270 | NaNO; flooded, cropped_- | 6&5) 57) 59 5.9| 5.9 | 5.9 6.0) 64] 6.4 
271 | Same as 270, but drained at finish. 5.7) 5.7) 5.75) 5.8 6.1 | 5.9 5.9| 6.5|>5.6 
272 | NaNOs+iron sulphate spray to | 
leaves, flooded, cropped 5.5) 5.8) 5.85| 5.9/5.9 | 5.75) 58) 641/565 
Same as 272 but drained at finish_- §.5| 5.8) 5.8 5.8/6.0 | 5.8 §.8| 62] 6.5 
(NH 4)2 804, flooded, cropped ” 5.5 5.6 | 5.7 5.5 | 5.75 | 5.7 5.8) 63] 63 
Same as 274, but drained at finish- 5.6) 5.6) 5.6 §.5| 5.7 | 5.7 5.7] 61/°%5.7 
No treatment, flooded, cropped-_-_- 5.3 5.7 | 5.75 5.7 | 5.8 5.8 5.8 | 6.7] 6.6 
Same as 276, but drained at finish__| 5.7 5.5) 5.9) 61 §.815.8 | 5.7 5.9) 651°6.0 
No treatment, flooded, no crop 5.7; 5.8) 5.9 5.6|}6.3 | 6&1 6.7) 67) 6.7 
Same as 278, not drained ay 5.5 | 5.6) 5.8 5.6) 6.1 | 6.3 6.6) 66) 6.7 
NaNO; +sulphur, flooded, croppe d 5.0) 5.4/6.4 | 5.4/5.7 | 5.6 5.9) 64 /)°5.4 
Same as 280 but drained at finish- - 6.0) 51)5.4 | 5.2)5.6 | 5.5 6.1) 64) 63 
Ni iN O; in 3 applications, sulphur, | ! } 6&0) 51/52 §.3| 5.7 | 5.6 5.9| 64) 6.4 
flooded, cropped..........--..--- | | 
283 | Same as 282 but drained at finish__| 5.5 5.0) 5.1) 53 §.3| 5.6 | 5.75| 62) 64/52 
284 | NaNO;+HCl to give reaction pH 
Og ae 4.0 5.1 5.1) 52 5.2 | 5.7 5.5 6.3 6.0 6.1 
285 | Same as 284, not drained_- 4.0 6&1) 52154 5.51) 5.6 | 5.7 62; 5.9); 61 
286 | NaNO; in 3 applic: ations +HC to | 5.1 5.4) 5.5) 5.4 5.5 | 5.6 | 5.6 5.7) 65) 63 
give reaction pH 5.1, flooded | | H | | 
cropped . - - | | } 
287 | Same as 286, but drained at finish__| 5.1 5.4) 5.7155 | 56/58 | 5.7 5.8| 65/55.6 
288 | No treatment, no crop, not flooded.) 5.6 5.5 | 5.5 5.6 | 5.6) 5.8 | 5.6 5.8] 5.9] 5.7 
289 | Same as 288 5.7 65) 55)|57 | 56] 5.75) 5.7 5.8| 5.7) 58 
200 | NaNOs+HCl to give reaction of | | 
pH 5.1, flooded, cropped ------- B11 |-52) 62/53 5.2 4 5. 5.9) 6.3 
291 | Same as 290, not drained__.......- | 5.1 5.6) 5 5. 5.2 | 5.5 5.2 5.5 5.7 5.7 
! ' ' 











* The figures in this column represent the pH values of the soils just prior to submergence. 
+ Allowed to become dry a week before determinations were made. 


The sulphur in jars 280, 281, 282, and 283 was uninoculated and 
was applied to the soil at the rate of 900 pounds per acre two weeks 
before the plants were transplanted into the jars, and three weeks 
before the soil was submerged. Qualitative tests showed sulphates 
in these jars until 40 days after the plants were transplanted, at which 
time they seem to have been completely reduced. 

Sodium nitrate was applied at the rate of 250 pounds per acre and, 
where not otherwise noted, in one application made before the plants 
were set into the jars. In jars 282, 283, 286, and 287 one-third was 
applied at this time, one-third when the plants were 47 days old, and 
one-third when they were 100 days old. Ammonium sulphate was 
applied at a rate sufficient to furnish nitrogen equivalent to that 
furnished by sodium nitrate. 
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In jars 284, 285, and 290, where hydrochloric acid was applied, 
the plants died. In jar 291 the plants lived to the close of the experi- 
ment, but made very poor growth. In jars 286 and 287 the plants 
grew well and matured, after being somewhat retarded by the acid 
treatment at the beginning of the experiment. 

The results of the hydrogen-ion determinations are shown in Table 
5. The first figure column represents the values for the dry soils 
just previous to submergence; the columns that follow show the 
values for flooded soil except where otherwise noted. 

The data of Table 5 indicate that the flooding of the soil, in itself, 
changed the reaction decidedly toward alkalinity, the change being 
most rapid and attaining nearest the neutral point in jars 278 and 
279 in which the soil was given no treatment, was flooded, and not 
cropped. The plants apparently tended to prevent this change as 
shown by a comparison of jars 276 and 277 with 278 and 279 and also 
jar 291, in which the plants lived, with jar 290, in which the plants 
died because of the application of hydrochloric acid. This tendency 
was probably due to the carbon dioxide excretions of the roots of the 
plants. Jacobson (6), starting with a culture solution having a reac- 
tion of pH 5.0 found that the rice plants changed the reaction to pH 3.0 
during a period of three days. He believed root excretions of CO? 
were partially responsible for the change. 

The change of reaction in the jars treated with ammonium sulphate 
was somewhat slower and did not attain quite the extent of that in 
the jars treated with sodium nitrate or in those that received no 
treatment. The difference was not marked, however. Even the 
sulphur and hydrocholoric acid treatments failed to prevent the 
change toward alkalinity. 

When a number of the jars were allowed to become dry before the 
last samples were taken the reaction quickly reverted to near the 
original value. It would appear, therefore, that the change in reaction 
toward alkalinity was due to some incompletely oxidized compounds 
in the submerged soil. 

The plants in all jars, except those treated with ammonium sulphate, 
began to show chlorosis as early as 35 days after the soil was sub- 
merged. At the end of 42 days the chlorosis was marked. At this 
time the reaction of’the soil in the various jars ranged from pH 5.2 
to pH 6.3, the least acid reaction of any cropped soil being pH 6.0, 
in one of the jars treated with sodium nitrate. After five weeks the 
plants began to show better color again and thereafter displayed no 
chlorotic symptoms. The plants in the jars treated with ammonium 
sulphate showed some chlorosis but it appeared later, lasted for a 
shorter period, and never became pronounced. 

Sprayings of iron sulphate on the leaves of the plants in jars 272 
and 273 failed to overcome chlorosis. An application of ferric citrate 
to the flood water in these jars likewise failed to improve the color 
of the plants. The second application of sodium nitrate, however, 
to jars 286, 287, 282, and 283 greatly improved the color of the plants 
and they never again showed marked chlorosis. 

Rice yields from this series are shown in Table 6. The yields are the 
average of duplicates. Each jar in this series contained six plants. 
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TABLE 6.—Rice straw yields from the soils used in studying soil hydrogen-ion 





concentrations 
Yield of 
: : rice straw 
Jar No. Treatment (dry 
weight) 
Grams 
270-271 NaNOs_.---_-- “e - - a Sede nite re = Z 62. 5 
NaN O3;+ iron spray - sia SEES ECAR ee: ‘a . 55.9 
(NH4)2804_.-.-..-- AOS RES ot 65. 7 
SES ae aa 51.8 
NaN Os+sulphur ake — ‘ sitbinndnaiees - 61.8 
cen in 3 applic: ations + sulphur - a ti cbmeeaeedtent 67.9 
: NaNO; in 2 sponen ations + HC1. : ; #5 , 73. 5 
291 Ni aNO3;+HC ? 15.5 


FIELD STUDIES 


In order to compare the changes in reaction and the nitrogen varia- 
tions taking place under field conditions and in old rice soil with those 
observed in the greenhouse work, samples from certain of the fertility 
plots at the Rice Branch Experiment Station were analyzed. The 
soil of these plots is a typical rice soil of the Crowley series. The 
samples were taken in each case at such time as they could be shipped 
to the laboratory and analyzed the following day. While this arrange- 
ment was admittedly not so satisfactory as could be desired, owing to 
possible changes within the soil samples during transit, it apparently 
gave fairly reliable results. The samples were analyzed in the same 
manner as the greenhouse samples. The first samples were taken 
immediately after the ground was broken and before fertilizers were 
applied, the second after the fertilizers were applied and before irri- 
gation began, the third four weeks after the soil was submerged, and 
the fourth eight weeks after submergence. 

The rice station has been established rather recently and the plots 
employed in this work were used only one year previously for experi- 
mental work. The treatment given the various plots is shown in 
Table 7. 


TaBLE 7.—Fertilizers added to experimental plots of rice soil at the Rice Branch 
Experiment Station 


| 


Plot No. Ey | a Muriate | Nitsete (Hydrated 
phate meal phate of ae of soda lime 


DS pertse ak | . | 
Pounds Pounds | Pounds | Pounds | Pounds | Pounds 
per acre per acre | per acre | per acre | per acre | per acre 








eee ” plilecaal! 190 | 166 e Rachel 
MS?  & pas tes 331 53 

a i ae 2773| 40 corn 

ee : 331 53 177 
Re IR io bivctrntinciness 331 | ee ee ee 
é E = : 1, 325 
* RIDER ENS AEH nee 7 SURO Comat Goss eae) |] ara ead 1, 325 
SE Rie EMT pe PELE ASR I BRIER 331 | 53 | 177 1, 325 
eo St cay nc i anicantadonesicredt 58 (urea)-.|.........- 331 | Raa, 1, 325 


* This soil was given no treatment. 
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The nitrogen and soil reaction data for the samples from these plots 
are givenin Table 8. Nitrite nitrogen was never present in significant 
amounts, the highest concentration being slightly less than 0.1 p. p. m. 
in plot 28. These values are, therefore, omitted from the table. 





TaBLE 8.—Nitrogen as ammonia and nitrates and pH of variously fertilized soil 
from the rice station fertility plots 























First sampling Second sampling Third sampling (4 Fourth sampling (8 
(before fertilization) | (after fertilization) | weeks after flooding) | weeks after flooding) 
— | ke ¥ adsaneianend 
Parts per Parts per | Parts per | Parts per 
Plot No. million of million of | | million of million of 
nitrogen pres- nitrogen pres- | nitrogen pres- nitrogen pres- | 
ent as— pH ent as— | pH ent as— pH ent as— | pH 
} | 
} 
NO; | NH; NO; | NH; | NOs | NHs3 NOs; | NH; 
— | | | 
__ ee 5.6) 7.2] 64] 440) 28] 64 | 1.5| 81} 70| @ | 121 | 6.75 
16_- ‘ 6.0 5.0 6.4 31.2 (') 5.9 11.4 10.3 7.0 () | 8&3) 67 
i... --| 14.6 6. 6 6.2 10. 2 @) | 64) 10.8 12.4 6.8 () | 2&8) 7.0 
18 a ie} 6.1 6.4 9.8 2.3 6.2 36. 1 9.5 7.3 () | 124] 7.0 
| 10.0 6.9 6.3 28. 4 1.8 62) 16.2 11.0 7.2 (‘) st ae 
20 ‘| 12.9 4.4 6.7 11.4 2.0 6.0) 117 10.5 6.9 (‘) 27.6) 6.8 
21 .-| 10.0 6.7] 6.3 9.4 2.1 6.0) 117 12.3 6.9 (') 81) 68 
_ Saeere -| 13.5 93; 61 17.6 2.6 7.7) 10.1 7.8 7.3 (‘) 11.6) 7.1 
, a -| 55 85; 6.1 9.8 ®% | 60 13.7 6.1 6.9 (‘) 83) 69 
26... | 92) 48] 65] 234! (1) 7.6| 189] 11.3] 72! @) | 92] 69 
28... -| 140 7.4 6.5 32.2 2.0 7.7 17.3 9.7 7.3 () | 2.5] 69 
29. 3 25.0 6.2 6.1 19.0 1.8 7.3) 10.5 8.4 7.2 () | 27.7) 7.0 





1 Trace. 


None of the plants showed chlorotic symptoms except those in 
the four limed plots. These showed some chlorosis, which persisted 
for a considerable period. In plots 18 and 19, where the reaction 
became slightly alkaline, the plants retained a healthly, green color. 

The soil in these plots contained a rather large amount of organic 
matter, much more than did the soil used in the greenhouse work. 
This high organic content made possible a comparatively high rate 
of ammonification as shown by the amounts of ammonia present in 
the soil within one month after submergence. These values were 
appreciably higher than for the cropped jars in the greenhouse at the 
pes cmtcanses So sampling. 

The irrigation water used on the field plots had a reaction of pH 
7.3. Qualitative tests of the water showed that it contained small 
amounts of chlorides and sulphates, about 3.5 p. p. m. of nitrates, a 
trace of nitrites and ammonia, a large amount of bicarbonates, and a 
rather high content of salts precipitated by ammonia. 


DISCUSSION 


The evidence presented in the foregoing experiments indicates that 
insufficient available nitrogen, particularly ammonia, was respon- 
sible for chlorosis in the plants. That the chlorotic condition was not 
due to changes in soil reaction rendering the iron of the soil unavail- 
able, as suggested by Willis and Carrero (15), was indicated by the 
following facts: (1) The reaction was pH 6.0, and lower in certain 
jars, when chlorosis became marked and iron was very probably not 
rendered unavailable with this reaction; (2) iron sulphate spray 
applied to the leaves of the plants failed to overcome chlorosis, as was 
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true in the work of Willis and Carrero, though they thought its failure 
was due to failure of the spray to cover the leaves; (3) iron citrate 
added to the flood water had no remedial effect on the plants; (4) 
addition of the second application of sodium nitrate to certain jars 
during the period when the plants were most chlorotic greatly 
improved the appearance of the plants and they never again showed 
marked chlorosis; (5) where ammonium nitrate was added in heavy 
applications very little chlorosis appeared; (6) in those jars to which 
light applications of ammonium sulphate were made, chlorosis 
became pronounced; and finally (7) no chlorosis appeared where an 
application of 12 tons per acre of green manure had been made, due, 
very probably, to the steady evolution of rather large amounts of 
ammonia. 

Gile and Carrero (2) observed chlorosis in rice on dry soil and found 
that it disappeared after the soil had been submerged. This dis- 
appearance they attributed to the development of roots under sub- 
merged conditions which were more capable of assimilating iron. 
Johnson (7), writing of this work, attributed the disappearance of 
chlorosis to the reduction of iron under submerged conditions from 
the ferric to the ferrous form, rendering it available to the plants. 
Willis and Carrero (15) further found that organic iron compounds 
were ineffective in preventing chlorosis. When bulky organic com- 
pounds such as stable manure, velvet-bean plants, and tobacco 
stems were used in considerable quantities, however, the condition 
was overcome, due, they thought, to the fact that the presence of 
these compounds enabled the plants to obtain more iron. 

Much of the work of these investigators was done on calcareous 
soil and therein differed from the conditions under which the present 
writers worked. The results of the writers’ experiments, however, 
would indicate that the reason the chlorosis observed by Gile and 
Carrero was overcome by submergence, was probably the evolution 
of ammonia after the soil was submerged. Ammonification un- 
doubtedly took place in the dry soil, but the ammonia so produced was 
rapidly converted into nitrites and subsequently into nitrates. The 
writers have shown in a previous publication (6) that rice plants grow 
well in a dry soil if considerable ammonia is present, expecially in 
the early stages of growth. The bulky organic material added by 
Willis and Carrero probably greatly stimulated ammonification and 
thereby proved valuable also in overcoming the chlorotic condition. 
Arrhenius (1) has reported a ‘‘rather good rice soil” with a reaction 
of pH 7.0, with the significant statement that it was “very rich in 
humus.”” He expressed the belief that root excretions of carbon 
dioxide and other substances accumulate in the soil layer around the 
roots of rice plants where they act as amphoteric electrolytes changing 
the reaction in such manner as to enable the plant to maintain condi- 
tions favorable for growth. 

The nitrogen of sodium nitrate or other nitrate salts is probably 
lost in the process of reduction, as indicated in this study, and the 
plant becomes chlorotic due to a lack of nitrogen before ammoni- 
fication has progressed sufficiently to enable it to secure enough 
nitrogen. As ammonification proceeds the condition is overcome. 
Where large amounts of organic matter are present, as in the soil 
treated with green manure and the field soil used in this work, severe 
chlorotic conditions are probably not to be expected. 
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In the light of these investigations, sodium nitrate, or other nitrate 
salts can hardly be recommended for rice fertilization. If used, it 
would appear most economical to apply it in several applications in 
order to minimize the loss from denitrification. 


SUMMARY 


A study of the effect of sodium nitrate upon the reaction of rice 
soils, and upon nitrogen changes in such soils, has been reported in 
this paper. Soils treated with green manure and ammonium sul- 
phate were also studied for purposes of comparison. Both green- 
house and field soils were used in the work. 

Sodium nitrate and other nitrates were rapidly reduced in sub- 
merged soil. The experimental results indicate that nitrogen was 
lost in the reduction process by denitrification. Ammonification 
progressed slowly for the first four or five weeks following submergence 
except where an abundance of organic matter was present. Conse- 
quently, the plants suffered from lack of available nitrogen and 
became chlorotic. Chlorosis was overcome as ammonification pro- 
gressed. 

The soil reaction was changed toward alkalinity by flooding. 
Sodium nitrate had a slight tendency to hasten this change and 
ammonium sulphate tended slightly to retard it. Chlorosis became 
marked in nearly all cases before the soil reaction reached pH 6.0. 
An impaired availability of iron due to an alkaline reaction of the 
soil very probably was not, therefore, the cause of chlorosis. 

Where an abundance of organic matter was’present in greenhouse 
soil and in field soil chlorosis did not appear. This was due, very 
probably, to ammonia liberated from the organic matter. The 
reaction of the field soil reached pH 7.0 and slightly above in some 
cases. Where lime was applied to field soil some chlorosis appeared. 

Spraying ferrous sulphate on the leaves of chlorotic plants failed 
to correct the condition. The addition of ferric citrate to the flood 
water for this purpose likewise failed. 

A second application of nitrogen, while the plants were chlorotic, 
greatly improved their color and vigor. This appears to be good evi- 
dence that chlorosis was due to lack of available nitrogen, particularly 
lack of ammonia in early stages of growth. 
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STUDIES OF THE PHOTOPERIODISM OF SOME 
ECONOMIC PLANTS! 


By T. B. McCLe.uanp 
Senior Horticulturist, Porto Rico Agricultural Experiment Station 


INTRODUCTION 


In the spring of 1924 a study of the effect of certain seasonal 
day lengths on some economic plants was undertaken at the Porto 
Rico Agricultural Experiment Station at Mayaguez. At this latitude, 
18° 12’ N., the time between sunrise and sunset ranges from 11 hours 
in December to 13.2 hours in June. In neither December nor June 
is the variation in day length within the month greater than six 
minutes. 

METHODS OF EXPERIMENTATION 


For the purpose of the test the plants were grown in three groups, 
under respectively a long, a short, and the normal daily light expo- 
sure. For the long exposure, electric lights were automatically 
switched on at sunset and off at 13% hours after sunrise, thus fur- 
nishing a lighted period approximating in length that of June days 
at this latitude. Five 50-watt mazda blue “daylight” bulbs were 
set 244 feet apart in a row above the containers in which the plants 
were grown, the distance from the bulbs to the soil surface being 
not more, and usually considerably less, than 5 feet. At the soil 
surface the intensity of illumination was 544 to 6 candlepower, 
and half way to the lamps it was 15 candlepower. 

The plants receiving the short daily light exposure were placed 
on cars which were run into a dark room in the latter part of the 
night and brought out into the light at 11 hours before sunset. This 
light exposure in length approximately corresponded to December 
days at this latitude, differing, however, in having but the single 
daily twilight. 

Sweet potatoes, onions, pineapples, and beans were grown under 
the daily light exposures outlined above. In addition, the onions, 
pineapples, and potatoes were grown under daily light exposures, 
differing from the normal in slightly more exaggerated degree, of 
10 and 15 hours’ duration, respectively, and corn was grown under 
a 15-hour exposure. Though the duration of exposure to light is 
referred to in terms of hours with the sun above the horizon or the 
lighted period artificially protracted, each period also included 
in addition the single brief tropical twilight exposure. 

For corn and for some of the plants which were grown in containers 
as well, a garden plot was electrically illuminated from sunset to 
15 hours after sunrise. Five rows of lights were placed 5 feet apart. 
Each row contained four 40-watt lamps spaced 6% feet apart. The 
lights were set 3 feet above the soil surface at planting and so remained 
over the low-growing plants, but were gradually raised over the 
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tall-growing plants, such as corn, as growth made it necessary. At 
the surface of the ground the intensity of illumination ranged from 3.4 
or 3.5 to 5 candlepower over the beds of low-growing plants. The 
intensity of illumination at the base of the tall corn was reduced 
to 1 or less candlepower after the ultimate lifting of the lights. 

The check plants were grown in a plot that was sufficiently removed 
from the treated plot to be unaffected by the light from it. 


PLANTS STUDIED 
SWEET POTATOES 


Two varieties of sweet potatoes, Porto Rico and Key West, were 
grown. Fourteen plantings were made between March 11, 1924, 
and June 30, 1925, at intervals of 4 to 8 weeks. The containers 
used were 5-gallon tin cans, each carrying river loam in amount 
equivalent to 50 pounds of moisture-free soil. At each planting the 
draws or slips for the different groups were derived from a single 
tuber. The vines were trained on wire screening so placed as to 
utilize the illumination to the best advantage. The first 2 plantings 
were run for 16 and 20 weeks, respectively, and subsequent plantings 
for 24 weeks. In addition to the plants which passed the entire period 
without change of light exposure, in 3 plantings other plants, after 
having passed half the period under either the long or the short daily 
light exposure, were transferred to the other exposure. Blossoming 
and production of vine growth and tubers were noted. 

The shorter daily light exposure proved to be more favorable to the 
blossoming of both varieties. Four plants of the Porto Rico variety 
blossomed, and a fifth budded under the shorter exposure, two blos- 
somed under the normal, and none whatever under the longer exposure. 
Of the Key West variety, 8 blossomed under the shorter, 6 under the 
normal, and 3 under the longer daily light exposure. 

The evidence as to the effect of length of daily light exposure on 
vine growth and tuber formation was inconclusive. The curves of 
both growth and production under the different light exposures follow 
the same general trend. 

Special conditions modified the growth of one planting of Porto 
Rico and five plantings of Key West, thus necessitating their elimina- 
tion from comparisons of vine growth and tuber production. There 
remained for purposes of comparison 22 individuals under each light 
exposure. The behavior of the two varieties did not differ essentially 
and their data are combined in Table 1. 


TABLE 1.—Vine growth and tuber production of sweet potatoes under 11-hour, 
normal, and 13%-hour daily light exposures 


Data from 13 individuals 





under each light exposure Data from 22 individuals under each light exposure 
Weight |. 
Length of daily Length Length —— = of tubers| vumber Sumber Number 
Nent exposure growth | growth | fine | fring | Weight | Sine. |weighing weighing weighing 
alive on dead on am growth of tubers roots 50 to | I to 49 
removal removal removal = mare ‘grams | grams 
erec . 








Inches | Inches | Inches | Grams | Grams | Grams | 
OS ee 1, 885 918 2, 803 2, 131 4, 839 5, 257 | 18 16 | 57 
a 1, 887 743 | 2,630 3, 450 4, 855 5, 516 18 | 13 
134 b | REPS, 1, 833 639 | 2,472 2, 943 4,975 5, 454 17 | 17 
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The uniformity under the different light exposures was notable in 
respect to length of vine growth, total weight of tubers, and grading 
of tubers as to size. Too much importance should not be attached 
to the fact that the weight of vine growth was considerably less under 
the short light exposure, since the weight of vine growth was greater 
under the normal exposure than under the long exposure in 13 of 22 
comparisons. 

ONIONS 


Four varieties of onions, Prizetaker, Bermuda White, Yellow 
Globe Danvers, and Silver King (Giant White Tripoli), were grown 
under the different light exposures. Plantings were made at four- 
week intervals from August 22 to December 12, 1925, and again 
on January 7, 1927. Because of poor seed, Yellow Globe Danvers 
and Silver King (Giant White Tripoli) were eliminated from the first 
planting, and the latter from the second planting as well. The soil and 
containers were like those used for sweet potatoes. Suitable fertilizer 
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Fic. 1.—Average diameter of Prizetaker onions grown under daily light exposures of different lengths 


was uniformly mixed with the soil prior to planting. The seedlings 
of the first planting were germinated under a normal light exposure 
and transplanted to the containers in the different groups at two weeks 
after seeding. In subsequent plantings the seed was planted in the 
permanent container and the resultant seedlings were kept under the 
different light exposures from the start. Five were left to develop 
in each container. 

Four or more measurements of the diameter of the bulb or pseudo- 
stem of each plant were taken at intervals of five weeks. The increase 
in diameter of the different varieties under the different light exposures 
is shown graphically in Figures 1, 2, 3, and 4. 

The onions of two plantings were allowed to continue growth for 
considerably more than a year, whereas those of the other plantings 
were removed, weighed, and measured at 25, 30, 35, and 40 weeks 
after planting.” 


? Two varieties were removed on three occasions on the day prior to the termination of the week in order 
to facilitate note taking. This difference is disregarded, 
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PRIZETAKER 


The Prizetaker under an 11-hour daily light exposure formed no bulbs, 
the plants remaining in the spring-onion stage, with comparatively 
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Fic. 2.—Average diameter of Bermuda White onions grown under daily light exposures of different 
lengths 


slender pseudostems, and green leaves. In the planting allowed to con- 
tinue growth for the longest period, about 15 months, the stalk or pseu- 
dostem of these ancient spring onions measured 17 to 20 cm. from root 
base to the point of leaf spread, and only 1.2 to 1.4 cm. in diameter. 





Py nt SEPTEMBER a Lae Fike 47,4925 NOVEMBER 14,1925 DECEMBER 4/925 JANUARY. 7, 1927 
c a, moo ny Guecmmnn 
‘EB Mae APR MAY ANE KAY SOT MAN MMR APR MAY whe ria WR hed rip Ak. mar Witt Ae tr hor he'd ar 


7 
sno iS 1 22 20 St 4 30 6 0 & 27 5 
ae 1606 1906 ae Bie job thes ineé (e8 Neb (hak Wie (sas ite 1926 tae iab6 ties He thee Tear iar ther tear (8a? Hea? 


mene Arfee ZO 25 30 35 40“ 50 8 20 25 90 3 @_ 20 a7 o 9 20 28 8 0 2 90 J5 40 
: : . — 
ne DUMIRTER UNDERA SONU DULY L/ONT EXPOSURE T | 





R UNDER. AN /1-HOUR DAILY LIGHT EXPOSURE 





| 
| 
QOMETER UNDER NORMAL DAILY LIGHT EXPOSURE | 
jam —— QAMETER UNDER A 434 HOUR. DAILY LIGHT EXPOSURE |__4, | __}_ 
| 
| 
| 











y “7 Jee me WAMETER UNDER A /S-HOUR DAILY LIGHT EXPOSURE j 
% | | t} 
¥ | 
N / | 
q |) | 
y 2 | ry rs t 
x esa ee 
g i/ i 
/ f | } 1 
| | 
| | 
} | 
2 Ae ee 





Fia. 3. Avenues Gamaterel Yellow Globe ——— onions gro grown under daily light exposures of different 
engt 


Under the normal light exposure there was some basal swelling of 
the pseudostems, but most individuals were still in the spring-onion 


’ The term “ bulb” in this discussion is not used in its botanical sense, but to designate the normal globular 
form of the resting onion, or a development approaching this. 
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stage. In the lot planted November 14 and removed June 11, one of 
the five plants had developed a well-formed bulb 5.8 cm. in diameter, 
and the tops, though still green, had fallen over on removal at 30 weeks, 
whereas the others in the container were in thespring-onionstage with 
erect turgid tops. In the lot planted December 12 and removed June 
4, bulbs of considerable size had formed. Since with one exception the 
tops were still growing and were larger and more turgid than under 
the shorter light exposure, the stage of development appeared to be 
intermediate between that of spring onions and matured bulbs. 

Under the 134-hour daily light exposure, as in the other groups, 
the development was mainly that of spring onions, although some were 
slightly swollen near the base. Of those planted December 12, one 
had developed a bulb comparable to those in the normal-day group, 
though smaller. At the time of removal there was little difference in 
duration of daily light 


exposure between the Ap _ OCTOBER 17, 1925 MOMEMBER 441925 DECEMBER (2 925 JANUARY, 7, 1927 
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Be : d : Fic. 4.—Average diameter of Silver King (Giant White Tripoli) onions 
spring-onion condl- grown under daily light exposures of different lengths 


tion at 60 weeks. In 
two instances, however, the basal portion of the pseudostem was 
slightly swollen. On the other hand, under a 15-hour daily light 
exposure, four bulbs had formed at 25 weeks and the tops of two had 
fallen over, an indication that they were approaching the rest period. 
Their condition in the twenty-ninth week is shown in Figure 5, B. 
At 30 weeks all had formed bulbs, and at 35 weeks the tops of three 
were dead and those of the others were dying. At 40 weeks the first 
of these had gone through the resting period and resumed growth. 
There was no evidence as to any effect of length of daily light 
exposure on division or splitting of the individual into more than one. 
No individual of the planting of October 17 showed any splitting, 
whereas individuals in the following planting showed some splitting 
under the 11-hour, the normal, and the 13 4%-hour daily light exposures. 
On the whole, the splitting averaged the same for the three groups, 
one splitting into 1.2. In the single planting under a 10-hour expo- 
sure no splitting occurred; under the 15-hour exposure one of the five 
individuals had split into two prior to entering the rest period. 
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TABLE 2.—Relation of tops to bulbs or pseudostems of four onion varieties which 
were grown under 11-hour, normal, and 131%-hour daily light exposures 


| 
Average weight per plant of onions— | 
| 








: Total 

| | weight 
_ | Planted | Planted | Planted | Planted | express- 

Variety and portions weighed Length of daily | Aug 22, | Oct. 17, | Nov. 14, |Dec. 12, ed in 


exposure 1925, 1925, | 1925, 1925, Total | Percent 
and re- | and re- | and re- | and re- 





aa age of 
moved | moved | moved | moved weight lw weight 
40 weeks | 35 weeks | 30 weeks | 25 weeks | of tops 
later later> | later later | 
Pelagiabees: Grams | Grams | Grams | Grams | Grams Grams 
To Pes a ' “hit ho 78 61 | 54 29 222 | 100 
Pseudostems Pas ; owe. 51 42 | 33 19 145 65 
Oe es E 68 66 60 53 247 100 
Psoudostems or bulbs Shsvormal... oncwos _K 31 60 59 55 205 | 83 
ees 75 66 | 75 57 273 100 
Pseudostems or bulbs_. }13%4 hours... -- { 36 “43 | 46 27 152 | 56 
Bermuda White: | 
ta le I 59 30 | 17 31 137 100 
Pseudostems or bulbs. “ju hours... .... { 48 57 | 60 37 202 147 
ee 7 20 4 | 1 1 26 100 
apnea e - }Normal ~o- 2-2 { 185 125 103 97 510| 1, 961 
T a > ae 1 7 | ( 8 | 0 
nn }13%4 hours.....|{ 229 89 | 4 81 483 | 6, 038 
Y allow Globe Danvers: 1 
Oe ae Sn) ene 57 67 | 53 177 00 
Pseudostems Leodenjaus ‘jn hours........ { wrennne 29 | 35 28 92 "2 
Re tate SSE, ecia 57 74 69 200 100 
Pseudostems............. -|}Normal. Oe nana: | s3 | 49 33 115 58 
Tops. n 1 | aS 66 81 61 208 100 
Posudostems. }134 hours...}{----~- 29 | 43 | 26 ys 47 
— King (Giant White Tri- | | 
poli): 
, ee } : { 49 85 61 195 a 
Pseudostems....__. yu hours........ | RS, 24 | 50 27 101 
Tops 1 | eee | 78 77 155 100 
Pseudostems or bulbs_...__- \Normal o2---- ibe . 62 47 109 70 
Tops. sci \-- ao 28 | 57 65 150 100 
Pseudostems or bulbs_ }13 ¢ hours ‘ eed --| 63 | 64 87 214 143 
| 





* Where a bulb had failed to develop, the division between top and pseudostem was made by cutting 
just below the spread of leaves. 

> This applies to all except Silver King (Giant White Tripoli), which in this planting was left for nearly 
61 weeks. 


BERMUDA WHITE 


Under the 10-hour daily light exposure the plants of the Bermuda 
White variety remained in the spring-onion condition. At 60 weeks 
there were 15 plants instead of the 5 original plants, but develop- 
ment had been made without prior bulb formation or a rest period. 
A slightly swollen base was the nearest approach to bulb formation. 

Similarly, under an 11-hour daily light exposure the development 
for the most part was that of spring onions. Of those in the five 
plantings only one individual developed bulbs. On removal at 30 
weeks after m Meath this had developed two poor bulbs, one of which 
contained two individuals. 

In contrast to those under a shorter than normal light exposure, 
all plants grown under the normal light exposure developed normal 
bulbs. At 25 to 30 weeks these generally were entering or had entered 
the rest period. The first resumption of growth in two containers 
was at 35 and 39 weeks, respectively. 

Under a 13%-hour daily light exposure, well-formed bulbs devel- 
oped. On some of these the tops had fallen over at 20 weeks, and 
were dead at 22 weeks. In one instance growth was resumed at 
27 weeks. 
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h The plants under the 1344-hour and under the normal exposure, 
which in June closely approached the former in duration, showed 
in general a pronounced similarity in rate of increase in diameter. 
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% Fic. 5.—Prizetaker onions. A, Light exposures of a, 11 hours; b, normal; and c, 1344 hours. October 

j 17 to June 18. B, Light exposures of a, 10, and 6, 15 hours. January 7 to July 27 

t (See fig. 2.) The contrasts in proportional development under the 
different light exposures were striking. (See Table 2.) Figure 6, A, 
shows the development made in 25 weeks under the different exposures. 








610 Journal of Agricultural Research Vol. 37, No. lo 


Under the 15-hour daily light exposure bulbs developed rapidly, 
though they were somewhat smaller. At 15 weeks four bulbs had 
developed and the fifth was intermediate in form. At 18 weeks the 








Fic. 6.—Bermuda White onions. A, Light exposures of a, 11 hours; b, normal; and c, 13% hours. 
December 12 to June 4. B, Light exposures of a, 10, and b, 15 hours. January 7 to June 13 


tops of these small, well-formed bulbs, had_ fallen over but were still 
green. At 20 weeks the tops were dead or dying. At this time the 
leaf development of this lot was in striking contrast to that of the 
plants grown under a 10-hour exposure. The longest leaf per plant 
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of the former averaged 20 inches in length, in contrast to an average 
length of 31.6 inches under the 10-hour exposure, measuring from 
soil surface to leaf apex. The condition of the plants in the twenty- 
third week is shown in Figure 6, B. At 25 weeks one plant had ter- 
minated the resting stage and resumed growth. After the remaining 
plants had resumed growth, all were removed but one, as they were 
infected with Sclerotium rolfsii. The remaining one resumed growth 
at 29 weeks. At 40 weeks five well-formed small bulbs had developed 
from it, and the tops had fallen over. At 42 weeks the plants had 
entered the resting stage and the tops were dead. At 45 weeks one 
plant had resumed growth, and at 50 weeks all were again growing. 
Thus, within the year two growth periods and two rest periods were 
terminated and a third period of growth was entered upon. At 60 
weeks the plants had the appearance of vigorous young spring onions. 
No indication of blossoming appeared at any time. 

Among the plants which had formed bulbs the development of 
more than 1 core was often shown on resumption of growth, 2 indi- 
viduals arising from what had externally appeared to be a perfectly 
formed single-cored bulb. Of the plantings grown in 20 containers 
under the different daily light exposures, only 1 failed to show split- 
ting of 1 or more individuals. Under the 11-hour exposure, splitting 
was in the proportion of 1 to 2.1, and under the 13%-hour exposure, 
of 1 to 2.2. At 35 weeks 13 individuals, 1 with 3 cores, had devel- 
oped from the 5 plants under a 10-hour exposure, and 12 individuals, 
1 with 2 cores, had developed from the 4 plants in the contempo- 
rary lot under a 15-hour exposure, the rest period of the latter having 
been terminated and growth resumed. Owing to vigorous top 
growth and the absence of bulb formation, the splitting of 1 individual 
into several was more conspicuous under the shorter exposures than 
under the longer daily light exposures, where bulbs were quickly 
formed and the rest period was entered. On resumption of growth, 
however, the compound formation under the longer exposures became 
evident. 

YELLOW GLOBE DANVERS 


Plants of the Yellow Globe Danvers variety under a 10-hour daily 
light exposure were still in the spring-onion stage at 60 weeks after 
planting. 

Plants removed at 25 to 35 weeks after planting showed compara- 
tively little difference in development under daily light exposures of 
11 hours, normal length, and 13% hours. (See Table 2.) All had 
green tops and long pseudostems. (Fig. 7, A.) The basal section of 
the pseudostem generally was more swollen under the normal exposure 
than under the 11-hour exposure. In the planting of December 12, 
1 individual under the 13-hour exposure progressed beyond the 
spring-onion stage and developed a swollen base. Otherwise, all 
were classed as spring onions. 

The planting of September 19 was left for a longer period. At 45 
weeks after planting, 1 or 2 plants in each container had rotted, 
and the others were still in the spring-onion stage, though under the 
13%-hour exposure 1 of the 4 individuals showed a much swollen 
base. At 50 weeks the basal diameters averaged 2.6 cm. under the 
11-hour exposure, and 4.3 cm. under the normal and the 13-hour 
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exposures, showing the tendency of the 2 latter toward bulb 
formation. Rotting eliminated the normal-day group. The 3 
individuals remaining under the 13-hour exposure had formed 











Fic. 7.—Yellow Globe Danvers onions. A, Light exposures of a, 11 hours; 6, normal; and c, 1344 
hours. October 17 to June 19. B, Light exposures of a, 10, and 6, 15 hours. January 7 to July 26 


small bulbs with tops over at 50 weeks, and tops dead at 51 weeks. 
Of these a single individual remained on removal at a little less than 
65 weeks. It had gone through the resting stage and just resumed 
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growth. The bulb weighed 23 gm. and measured 3.7 cm. in hori- 
zontal by 4 cm. in vertical diameter. 

Under a 15-hour exposure bulb formation was rapid. At 25 weeks 
all had formed or were forming bulbs and the top of 1 was already 
over. The pronounced degree of difference is very evident on com- 
paring the average diameters at 25 weeks under the different daily 
light exposures. (See fig. 3.) At 27 weeks all had developed bulbs 
and the tops of 4 had fallen over. Their condition in the twenty- 
ninth week is shown in Figure 7, B. At 31 weeks all tops had died. 
In the thirty-ninth week 1 plant had terminated the rest period 
and resumed growth. Prior to the forty-fifth week two plants had 
rotted. Of the remaining 3, the outer leaf scales had sloughed 
off, leaving in place of the old bulbs “spring” onions with new leaf 
growth. 

Of 81 plants of this variety, only 3 showed compound formation 
or splitting, 1 under the 11-hour, another under the normal, and 
the third under the 15-hour daily light exposure. Here again split- 
ing was not shown to be correlated with the length of daily light 
exposure. 

Strver Kine (Grant Waite TRIFOL!) 


Plants of the Silver King (Giant White Tripoli) variety grown under 
a 10-hour daily light exposure were still in the spring-onion stage at 
60 weeks after planting, never having formed bulbs. Similarly, plants 
grown under an 11-hour exposure for 25, 30, and nearly 61 weeks 
remained in the condition of spring onions. 

Three lots were grown under a normal light exposure. Of those 
planted December 12 and removed June 5, 25 weeks after some 
one had formed a good bulb which had rotted prior to removal. 
Although the others showed more basal swelling of the pseudostems 
than those in the lot grown under an 11-hour daily light exposure, 
they had progressed little, if any, beyond the spring-onion stage of 
development. Those planted November 14 on removal June 12, 30 
weeks after planting, were all in the spring-onion stage but showed 
some basal swelling. Of those planted October 17 all were in the 
spring-onion stage with tops green, upright, and turgid at 35 weeks 
rig! planting, June 19. Disease entered a little later and eliminated 
this lot. 

Though development was not uniform under a 13-hour daily 
light exposure, the effect of the longer exposure on bulb formation 
was very evident. In the lot of 5 planted December 12 and removed 
at 25 weeks, 2 were unmodified spring onions, and the other 3 had 
developed a total of 5 bulbs. One bulb was well formed, 2 bulbs 
were moderately well formed, and 2 were a little more than half- 
formed, all with tops over. (Fig. 8, A.) Their diameter ranged from 
5 to 7.6 cm. Of the lot planted November 14 and removed at 30 
weeks after planting, 3 were spring onions 2 of which were compound, 
and a fourth had a much swollen base, whereas the remaining plant 
had developed a well-formed bulb with top over. Only 2 plants of 
those planted October 17 survived. As early as 25 weeks after plant- 
ing 1 showed itself to be compounded of 2 individuals. At 40 weeks 
3 bulbs had formed, measuring 6.1, 6.8, and 9.8 cm. in diameter. The 
top of 1 was over and that of another was dead. The first appearance 
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of new growth was in the forty-first week. On removal at more than 
60 weeks after planting, there were 3 plants in vigorous leaf growth, 
1 bulb, and 2 spring onions, which had arisen from the old bulbs. 








Fic. 8.—Silver King (Giant White Tripoli) onions. A, Light exposures of a, 11 hours; b, normal; 
and c, 1344 hours. December 12 to June 5. B, Light exposures of a, 10, and 6, 15 hours. January 7 
to July 26 


Under a 15-hour daily light exposure, 2 of 5 plants showed bulbs 
half-developed at 20 weeks. At 22 weeks the tops of these 2 were over. 
At 25 weeks the tops of 2 more were over. At 27 weeks all had formed 











Nov. 15, 1928 Photoperiodism of Some Economic Plants 615 


bulbs and the tops of 3 had died. Shortly after, new leaf growth 
started from 2 bulbs. Figure 8, B, shows their condition in the 
twenty-ninth week. At35 weeks, 6 of the 8 bulbs which had developed 
from the 5 original plants had vigorously growing new tops. At 55 
weeks, 2 bulbs had rotted, but 14 individuals, 2 of which were com- 
pound, had arisen from the other 6. All were at this time in the spring- 
onion stage. 

As was the case with the varieties which were previously discussed, 
no correlation between splitting and length of daily light exposure 
was seen. Some splitting occurred in every planting under every 
exposure. 

Ont1on SETS 


The four onion varieties were grown in garden plots under normal 
light exposure and under a 15-hour daily light exposure. Seeds were 
planted February 10 in flats under normal light exposure and the 
resulting seedlings were set in the two groups April 4 and 5. They 
were removed June 3. During the time the seedlings were in the field 
the hours between sunrise and sunset ranged from 12.3 to 13.2. The 
size attained by the onions was small, the development being that of 
sets rather than anything larger, but the form stood in interesting 
relation to the daily light period. This is shown in Table 3. 


TaBLE 3.—Effect of normal (12.3 to 13.2 hours) and 15-hour daily light exposures 
on onions grown in a garden for two months 


Percentage of total number of plants | 
with- 





— Ratio of 
Tops weight of 
Tops green dead or a 
Variety of onion and length of daily light Number dying em. of 
exposure of plants pseudo- 
Pseudo- stem to 
stems , 
Pseudo- | Stem weight of 
stems | Within- | Bulbs | Bulbs growth 
» a y 
slender diate 
swelling 
Prizetaker: | 
a 85 89 5 6 0 1: 3.01 
I tinea id nnttnieeeiniiedlnda 166 | 100 0 0 0 1: 4.22 
Bermuda White: 
Te ne nee ee 90 1 0 10 89 1:0.02 
SE a Ee 119 7 10 34 49; 1:0.28 
Yellow Globe Danvers: } 
| el a 75 79 13 5 3) 1:2.41 
. ONEL......-. TS a SRR ey ee 118 100 0 0 0| 1:4.56 
Silver King (Giant White Tripoli): 
| A BSE AR 62 57 8 16 19| 1:1.49 
east sncte necredianaiseidieaecude 87 84 ll 5 0; 1:2.69 


In all the varieties the growth of tops was proportionally much 
greater under the normal than under the longer light exposure. The 
tendency toward bulb development was greater under the longer 
exposure, two varieties showing no tendency in this direction under 
the normal exposure. 

POTATOES 


_ The potato as a crop is not generally grown in Porto Rico. Occa- 
sional plantings in the hills are reported as highly successful, but 
the coastal plain plantings of which the writer has been cognizant 
have resulted mainly in crop failures. 
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Three varieties of potatoes, Irish Cobbler, Red Bliss, and adiind 
Mountain, were planted in containers under daily light exposures of 
10 and 15 hours, and in the garden. Various interfering factors elimi- 
nated the garden check. However, within three days of planting 
the lighted garden plot, the rows were continued for a distance of 
21 to 23 feet beyond, but were not screened from the lighted plot. 
This continuation of the rows, not originally intended as a check, 
became the only check available. 

The potatoes were planted in the containers January 7 and in the 
garden January 5 to 8. Whole tubers selected for uniformity were 
used, except in the continuation rows. As one or more tubers of 
Irish Cobbler and Lookout Mountain had failed to sprout in the 
containers, the tubers of these varieties were replaced at one month 
after planting by sprouting tubers of the same from the garden. 

The Irish Cobbler plants in the containers under the 10 and the 
15 hour exposures showed little difference in height up to March 12, 
measuring, respectively, 17 and 18 inches. Further stem elongation 
soon ceased under the shorter, but continued under the longer light 
exposure, the plants measuring, respectively, 18 and 29 inches in 
height April 16. 

The Red Bliss, as early as seven weeks after planting, was much 
taller under the 15-hour than under the 10-hour exposure. The ulti- 
mate heights attained were 16 and 30 inches under the short and long 
exposures, respectively. The Lookout Mountain plants which Feb- 
ruary 19 measured 1 and 3 inches in height, April 16 measured 19 and 
60 inches in height, under the short and long exposures, respectively. 
These plants were photographed April 9. (Fig. 9, A.) Buds were 
noted on both plants March 8, and the first blossom opened March 16 
to 19. 

The plants were removed April 22. Whereas all tops were green and 
vigorous under the longer light exposure, those of Irish Cobbler and 
Red Bliss had died under the shorter exposure. At this time the 
weight of tops under the shorter exposure was only one-sixth to one- 
eleventh of that under the longer exposure. The Red Bliss showed 
little difference in tuber formation under the two exposures, Irish Cob- 
bler showed some difference, and Lookout Mountain a pronounced dif- 
ference. The ratio of the weight of the Lookout Mountain tubers, 
exclusive of seed tuber, under the shorter exposure to the weight under 
the long exposure was as7 tol. (Fig.9,B.) While the ratio of new 
tubers to tops was as 2 to 1 under the 10-hour exposure, it was as 1 
to 23 under the 15-hour exposure. Table 4 shows the weights of tops 
and tubers on removal, exclusive of the tuber planted. 


TABLE 4.—Weights of tops and tubers of three varieties of potatoes which were 
grown under daily light exposures of 10 and 15 hours’ duration 


Weight of 
Irish Cobbler 


| 
Weight of Weight of 
Length of daily light exposure 


Red Bliss Lookout Mountain 


Tops Tubers Tops Tubers Tops Tubers 








Grams Grams | Grams Grams Grams Grams 
=a saeceal 39 243 23 | 309 78 15 
15 hours_. = : . sad 237 190 252 | 321 506 22 
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The potatoes grown in the garden were dug April 23 to May 4. 
Twenty-one to twenty-six plants of each variety were grown under 
the lights. Although there was no satisfactory check plot, the 
potatoes that were grown in the extension of the rows outside the 
area overhung by the electric lights bore a very interesting relation to 
their position with respect to the lights. The rows, extending to a 


B, aand b, 





Underground development of the potato plants shown in A; removed from the ground April 22 





Fig. 9.—A, Lookout Mountain potatoes grown under daily light exposure of a, 10, and b, 15 hours; January 7 to April 9. 





4 





distance of 21 to 23 feet outside the lighted plot, were trisected, and 
plants nearest, midway distant, and farthest from the lights were 
weighed separately, 6 to 14 plants of each variety in each outside 
subdivision. Of each variety the plants which were grown under the 
lights showed the greatest leaf growth and the least tuberization. As 
was true for the plants grown in the containers, the differences within 
the variety were greatest in the case of Lookout Mountain, and least 
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in the case of Red Bliss. The plants of the Lookout Mountain and 
Irish Cobbler varieties outside the lighted area showed a tuberization 
correlated with their degree of proximity to the lights, those farthest 
removed showing heaviest tuberization. 

Table 5 gives the average weight of potato tubers per plant from 
plants grown under a daily light exposure of 15 hours, and from 
plants grown in the same rows extended 21 to 23 feet beyond the area 
overhung by the lights. 


TABLE 5.—Average weight of potato tubers per plant from plants which were grown 
under a daily light exposure of 15 hours, and from plants which were grown in the 
same rows extended 21 to 23 feet outside the lighted area 


Average weight per plant of 


Location of plants 





Lookout Irish Red 
| Mountain | Cobbler Bliss 
| tubers tubers tubers 
| Ownces Ounces Ounces 
Within the lighted area__._.. 0.5 2.9 5.8 
Outside of, but nearest to, the lighted area_- 7 1.9 3.4 7.5 
Outside of, and farther removed from, the lighted area. aleniel 3.1 4.8 7.0 
4.8 5.1 7, 1 


Outside of, and farthest removed from, the lighted area EOS | 


Of 24 plants of Lookout Mountain that were grown under the lights, 
11 produced no tubers, and 5 produced tubers only about the size of 
marbles, or smaller; of 12 Fo that were grown in the outside 
section adjacent to the lights, 3 produced no tubers, and 3 produced 
tubers only about as large as marbles; of 20 plants in the two sections 
midway distant and farthest removed from the lights, a single plant 
produced tubers only the size of marbles, and the other 19 plants 
produced 1 or more tubers of fair size. Similarly with Irish Cobbler, 
but in less pronounced degree, of 21 lighted plants, 3 produced no 
tubers, and 1 produced tubers only as large as marbles; in the adjacent 
section, 2 of 12 plants produced no tubers; whereas each of 23 plants 
in the two remaining sections produced 1 or more tubers of fair size. 


CORN 


Seed of Porto Rican corn, typical of that grown in the Yauco 
district, was planted January 26, 1927, in the garden plots under 
normal and 15-hour light exposures. In each plot two rows were 
planted 30 inches apart, and the plats were later thinned to about 

12 inches apart in the row, the plot which received added illumination 
pene 44 plants, and ‘the check plot 52 plants. 

On March 12 the plants under the longer light exposure stood 
about 3 feet high and the check plants 24% to 3 feet high. A week 
later the height from the ground to the highest leaf on any individual 
measured 68 inches in each group. On March 26 the lighted plants 
on the whole stood taller than the check. From this time on the 
difference in height of the two groups became increasingly pronounced. 
Their development on April 12, 76 days after planting, is shown in 
Figure 10, A and B. The av erage height of the lighted plants was 
132 inches, and that of the check was 98 inches May 13 and 14, a few 
days prior to the removal of the check. The seven tallest plants in 
each group averaged in height 158 and 121 inches, respectively. 
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The number of nodes per plant was counted in an entire row in 
each plot—half the plants. Under the lengthened light period an 
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Fic. 10.—A, Porto Rican corn. Normal light exposure (11.3 to 12.5 hours); January 26 to April 12. 
B, Daily light exposure of 15 hours; January,26 to April 12 


average_ofj2 l{nodes per plant was produced, whereas underjthe normal 
light{exposure but 13.1 nodes developed. A count was.made_of the 
23317—28——4 
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number of nodes, visible without disturbing the soil, from which roots 
had started. The average was 3.6 nodes for the lighted plants, and 
only 1.2 nodes for the check. In the former group, only 1 plant 
failed to have a single node showing roots, whereas in the latter group 
11 such plants were found. 

On removal, the stalks were cut at the surface of the soil and weighed 
after the ears were taken off. The average weight per plant of stalk 
and leaves from the lighted plot was 2.6 pounds, whereas that from 
the check was only 1.1 pounds. 

Differences in fruiting, as well as in vegetative development were 
very marked between the two groups. Staminate flowers were first 
noted on the check plants on March 26, when 5 tassels appeared, and 
the first silks in the same group were seen two days later. By March 
31, more than half the check plants had tasseled and a quarter were 
with silks exposed. The lighted plants when examined April 11 as 
yet showed no tassels, but on the day following four were showing. 
At this time all the normally developed plants in the check, 48 of a 
total of 52, had developed tassels, and 46 of these had normal ears and 
were silking. By April 18, only 13 of the 44 plants receiving added 
illumination had developed tassels, a stage which had been reached 
by the check plants approximately three weeks earlier. 

As the two rows of corn in the electrically lighted plot stood under 
the outer row of electric lights, the inner corn row received a stronger 
illumination than did the outer row. On April 23, 17 of 21 plants had 
tasseled in the outer row, whereas only 10 of 23 had tasseled in the 
better-illuminated row. Of the 21 outer-row plants, all but 3 showed 
either silks or small ears, whereas of the inner-row plants a single 
small ear without silks exposed was as yet evident. Examined again 
May 3, more than one-third of the plants in the better-illuminated 
row showed no indication of ears forming. This row was at this time 
not as advanced in the reproductive stage as had been the more dimly 
illuminated row 10 days previously. All but 4 plants had at least 
rudimentary ears forming by May 14. 

The height at which the ears were produced on the stalks of the 
lighted plants was very noticeable. Whereas in the check the number 
of nodes to the lowest developed ear averaged 6.4, the average for 
the lighted plants was 11.8 nodes. The relative position of the ear 
in respect to the total number of nodes produced, however, did not 
differ greatly between the two groups. 

The corn under the normal light exposure was harvested May 19, 
113 days after planting. That grown under the lengthened light 
exposure was harvested June 8, 20 days later, the lighting having been 
discontinued June 3. The lighted corn was left in the field for this 
additional time in order to approximate as closely as possible in the 
two lots the same stage of maturity at removal. The ears in the husks 
were weighed immediately, those from the 52 check plants weighing 
36 pounds 12 ounces, and those from the 44 lighted plants 25 pounds 
13 ounces, which was an average weight per plant of 11 and 9 ounces, 
respectively. The ratio of the weight of ears and husks to that of 
stalks and leaves was as 1 to 1.6 for the check plants, and 1 to 4.5 
for the lighted plants. 

At 35 and 36 days after harvesting, the well-dried ears were graded 
as uniformly as possible and weighed. As the check plot was some- 
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what larger than the lighted plot the data were averaged per plant. 
Table 6 gives the production of Porto Rican corn under normal and 
15-hour daily light exposures. 


TasLe 6.—Production of Porto Rican corn under normal and 15-hour daily light 
exposures 





Average measurements per ear Average production per plant 

















Diam- } Num 
rc 4 eter |Length — ber of —— — Weight 
Classification of ears normal =, under | under der nor.| 2ormal jears un- under 
daily 1. - bE | daily | der 15- 
light ony hour | hour i iy | light | hour hour 
| ex- P- posave roel light A | ex: at perme 
| posure | posure posure | Dosure posure | posure 
| Inches | Inches | Inches | Inches | Ounces Ounces 
First grade, largest and best-........-| 8.3 1.9 8.0 1.8) 0.38] 3.1 0. 25 1.6 
Second grade, well-filled, second best -| 7.2 1.8 7.1 1.6 .29 1.4 .14 -5 
Third grade, short well-filled to longer 
mostly well-filled.............---..-. 6.3 1.6 6.3 1.5 .17 .7 . 30 9 
Fourth grade, shorter well-filled to 
longer poorly filled...............-- 4.9 1.3 4.7 1.2 .19 2 : . 16 -2 
, a Ie, ; . = = 1. 03 5.4 . 85 3. 2 
Fifth grade, cobs with only a few well- / - ein een canes Bile UIC Bane) anes 
developed seeds__..............---- , e Sed paalbiatind 15 1 27 ot 
Sixth grade, short cobs with only a 
few poorly developed seeds_-_-_-_- . 23 02 14 02 
Seventh grade, rudimentary ears and 
cobs without any developed seeds_-|_...___- sSilascanbialitod Sone eee .73 . 02 1.00 . 05 
ERE ee EN PEE TA nk sede A fy Seer ot 





The measurements in Table 6 show that the production of first- 
grade ears by the average plant was greater under normal light expo- 
sure than under a 15-hour exposure. Moreover, the first-grade ears, 
though more in number, were also longer and broader under the 
normal exposure. The same was true in the case of the second-best 
ears. The combined weight of the two grades under the normal 
light exposure was more than twice that under the 15-hour exposure. 
The total production also was considerably greater under normal 
light exposure than with the added hours of illumination. Whereas 
the longer light exposure favored vegetative development, the shorter 
exposure favored fruiting. 

PINEAPPLES 


Pineapples of the Red Spanish variety were placed August 8, 
1925, under the 11-hour, normal, and 13%-hour daily light exposures. 
Thirty vigorous slips, weighing after stripping 140 to 206 gm. each, 
after being placed in sequence as to weight were divided into three 
groups by selecting alternating plants. The groups thus formed 
varied in weight of average plant by less than 4 gm. The 5-gallon 
tin containers were filled with river gravel to within an inch of the 
top, the larger stones having been previously removed from the gravel 
by screening. Suitable fertilizer in solution was supplied uniformly 
to all containers, first at weekly and later at longer intervals. 

The lights were as for the miscellaneous plants until May, 1927, 
when an additional lamp was supplied to the pineapples, owing to 
the shading of the lower leaves by the leaves above. 

Insect damage in the heart of two plants, one in the check and the 
other in the long-day group, necessitated their exclusion from the 
comparative data. 

Measurements of the longest leaf on each plant showed an average 
difference of 1 inch at 6 months. The range in length of longest leaf 
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per plant at 9 months was 43% to 53 inches, but the averages for the 
three groups were 48 to 49.6 inches, thus showing no material differ- 
ence. 

The first indications of the approach of blossoming were noted in 
May in the short and the normal day groups. The first plant to 
open flowers in the normal-day group blossomed May 22 and the 
second plant June 2. In the short-day group, two plants opened 
their first flowers June 15. No indication of blossoming was noted 
on plants under the longer daily light exposure until July 7. The 
first blossom in this group opened July 23. Prior to this time five 
plants in the short-day group and two in the normal-day group had 
finished flowering. 

The fruits were picked as soon as they were considered to be fully 
ripe. In September, two in the short-day and two in the normal-day 
groups were picked, and in the short-day group three were picked in 
October, whereas in the long-day group the first fruit was picked 
November 1. The uniform fruiting and the vigorous condition of 
the plants of the latter group are shown in Figure 11, A, made shortly 
before the first fruit was picked. Whereas for the short-day group 
the mean fruiting date was October 24, for the check it was November 
19, 26 days later, and for the long-day group December 1, 38 days 
later than for the short-day group. The difference between the 
groups in length of interim from the opening of the first blossom on 
a plant to the picking of the fruit was not pronounced, the season of 
blossoming being the main factor in determining the season of ripen- 
ing. The data on production under the different length light 
exposures are given in Table 7. 


TaBLE 7.—Red Spanish pineapple production under daily light exposures of different 
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From origi- } } 
nal plants: | Days Days | Grams P.ct. | Inches Inches | Inches 
11 hours..| Oct. 24, 1926 |.._- i 96, 1, 605 100 5.8 5.2 | 10.0 0.4 1.8 
Normal Nov. 19, 1926 26 93 1, 660 103 6.2 5.3 | 8.8 .8 2.3 
13% hours} Dec. 1, 1926 38 99 1, 990 124 6.6 5.7 9.5 ‘B 4.3 
From suck- 
ers: | 
10 hours._| Sept. 12, 1927 |_....--- 100 1, 085 100 5.1 4.8 8.6 0 3 
Normal..| Oct. 3, 1927 21 100 1,177 108 5.2 4.9 9.4 0 on 
15 hours..| Nov. 9, 1927 58 105 1, 340 | 124 5.4 5.1 9.6 0 1.5 





« Because of mechanical injuries, 1 or 2 fruits in each group of the second crop were picked prior 
to the normal ripening date. For each of these the normal ripening date, in order to obtain the mean, 
was calculated from its date of blossoming and the average number of days between blossoming and pick- 
ing for the others of its group. One of these fruits had to be excluded in obtaining average weight and 
dimensions because of injury when immature. 
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Under the longer light exposure the fruits were both longer and 
broader, averaging 24 per cent heavier than under the short exposure, 
the check fruits being intermediate in size. Six of nine fruits pro- 











Fic. 11.—Red Spanish pineapples. A, Daily light exposure of 134 hours; August 8, 1925, to October 
30, 1926. B, Light exposures of a, 10, and 6, 15 hours 


duced under the long-light exposure surpassed in weight the largest 
fruit produced in either of the other groups. 

The difference in the number of slips produced was also notice- 
able. Whereas 4.5 slips developed per fruit under the long daily 
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light exposure, only 2.2 slips per fruit developed under the short 
exposure. As was the case in the size of fruit, the production of 
slips under the normal daily light exposure was intermediate between 
that of the other two groups. 

In December a decided contrast was noted in the appearance of 
the plants in the different groups. Whereas in the normal and the 
short-day groups the lower leaves were yellowing, drooping, and 
dying, similarly located leaves in the long-day group were in the 
main green and turgid. And again later from time to time the 
much greener condition of the old pines under the long exposure 
was observed. 

A change in the lighting period was made December 15, 1926. 
Although at this time two fruits remained to be picked in the long- 
day group, their development was too far advanced to have been 
materially affected by the change. Beginning at this date the lights 
were turned off at 15 hours after sunrise, and the plants in the short- 
day group were removed from the dark room at 10 hours before sun- 
set, thus increasing the lighted period for the long-day group by 1% 
hours, and shortening it for the short-day group by 1 hour. All 
slips were removed from the plants which had fruited, and the remain- 
ing slips were removed on picking the two remaining fruits. In 
each group one plant had developed two suckers, and the remaining 
plants one sucker each. These were left untouched. 

The crop from suckers was produced considerably earlier than that 
from the original planting. The differences between groups in 
ripening season were more pronounced. The mean ripening date 
for the normal day group was 21 days later, and for the long-day 
group 58 days later than for the short-day group. (See Table 7.) 
The differences in stage of development June 10, 1927, are shown 
in Figure 11, B. The large fruits and the drooping, shrunken older 
leaves in the short-day group contrast strongly with the turgid 
older leaves and the almost total absence of fruits in the long-day 
group. One of the latter had blossomed at this time and three 
were showing buds, thus as a group just entering the blossoming 
stage. As was the case in the preceding crop, the difference in dates 
of ripening was due mainly to a difference in the blossoming dates 
rather than a pronounced difference in time required to mature, 
though this averaged slightly longer under the longer daily light 
exposure. 

The blossoming of the group as a whole, and consequently the 
ripening season, of both the original and sucker plants was spread 
over a longer period under the normal light exposure than under 
either the short or long daily light exposures. 

The fruits produced by the suckers, more poorly conditioned than 
the original plants, were smaller, but bore the same group relations. 
Seven of the 10 fruits produced under the long exposure surpassed 
in weight the largest fruit produced under the short exposure. An 
eighth. fruit which weighed only 6 gm. less than the latter would 
doubtless have weighed much more had not the sucker on which 
it was borne fallen over more than two months prior to the ripening 
of the fruit, half breaking through at the base. The average fruit 
produced under the 15-hour daily light exposure weighed 24 per 
cent more than that produced under the 10-hour daily light exposure, 
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was both longer and broader, and was subtended by a greater 
number of slips. Only a single fruit produced under the normal 
light exposure attained the weight of the average fruit produced 
under the 15-hour daily light exposures. 

On March 7, 1928, the plants were cut at the surface of the soil, 
and the growth above ground was weighed. The average weight per 
container was 6.8 pounds under the 10-hour exposure, 7.7 pounds 
under the normal exposure, and 8.2 pounds under the 15-hour daily 
light exposure, the latter being 21 per cent greater than that under 
the 10-hour exposure. The weights under the 10-hour and normal 
exposures included some immature fruit without which the averages 
would have been reduced by 0.1 pound and 0.3 pound, respectively. 
Whereas on removal of the plants, 5 under the 10-hour exposure, and 
6 under the normal exposure, carried buds, flowers, or young fruit, 
only 1 under the 15-hour daily light exposure had as yet budded, thus 
in the third crop showing retarded flowering under the lengthened 
period of illumination. 

BEANS 


Three varieties of beans were grown, two of which are the most 
common locally, a white and a red, the latter a plump mottled bean 
sometimes designated Guayamera, and a continental variety, Red 
Valentine. These will be referred to as White, Red, and Valentine. 

From March 11, 1924, to June 30, 1925, 18 plantings were made at 
intervals of four weeks and later 2 additional plantings were made. 
The containers used were 5-gallon tin cans, wal carrying river loam 
in amount equivalent to 50 pounds of moisture-free soil which pre- 
viously was screened and well mixed. Owing to the unsatisfactory 
growth made in the first 9 plantings, fertilizer in suitable amount and 
quality was supplied thereafter. In the first 7 plantings 10 plants were 
grown in each can, and thereafter only 5 plants. Nematodes, insects, 
and diseases proved to be troublesome at times, and together with 
atmospheric variations caused widely different growth and production 
in plantings made on different dates. In some instances one or 
another of these disturbing factors interfered with normal growth to 
such an extent as to make it advisable to omit certain plantings in 
obtaining the averages presented in Table 8. 


TABLE 8.—Growth, blossoming, and production of three bean varieties under 11-hour, 
normal, and 1314-hour daily light exposures 


—— 
Interval | Interval 





Interval “ . ai 
; between | hiossom-| planting | Height | Number | Weight 
Variety and length of daily light exposure | planting ing and I d R f vl of pods | . i y 
and blos-| 128 8m — of plant per plant | S°¢@ per 
soming | Tipening | death of | plant 
Bs of crop vines 
[2= — : = 
White: | Days Days Days Inches Grams 
Be MIR once ces Le ee eee 40 32 80 19.0 | 3.4 2.4 
Normal. ___. . 41 31 S4 19.8 4.1 2.8 
13% hours. : 42 32 90 27.6 3.9 2.9 
Red: | | 
11 hours___ 30 | 32 77 10. 5 | 2.3 | 1.3 
Normal - 30 | 32 77 9.9 | 2.4 | 1.4 
13% hours__. ae 30 32 S4 12.3 2.1 | ) 
Valentine: } | | 
11 hours...._._. | 33 35 | 67 11.7 | 2.5 | 1.2 
Normal. ___. ee RT eR oe 33 | 35 | 71 10. 6 | 3.0 | 1.2 
ee a 32 34 72 13.6 | 2.4 | 1.0 





| 
| 
| 
| 
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The day on which the second plant to blossom opened its first 
flower was considered as the blossoming date for each group. No 
pronounced effect in hastening or retarding blossoming resulted from 
the difference in length of daily light exposure. In 18 plantings 
of the White bean the long-day group blossomed later than the short- 
day group in 11, contemporaneously with it in 2, and ahead of it 
in 5 plantings. On the whole, the long-day group averaged 2 days 
later than the short-day group in coming into blossom. On the other 
hand, the Valentine bean under the long daily light exposure blos- 
somed on an average 1 day earlier than in the other two groups. 
The average of 20 plantings of the Red bean was the same under 
each of the three different light exposures. The extremes were 27 
and 33 days and occurred in both the short and the long-day groups. 

The interval between the date of blossoming and the date of ripen- 
ing of the first pods on two plants was considered as representative 
of the length of time required for maturing pods. There was not 
evident in any variety any material difference in time required 
for ripening under the different daily light exposures as averaged 
from data on 12 or more plantings of each. 

The relation between yield and length of daily light exposure 
was too inconstant to furnish conclusive evidence. In 19 plantings 
of the White bean, the long-day group surpassed in weight of crop 
the normal-day group 11 times and the short-day group 13 times. 
The difference in yield of plantings made on different. dates but 
given the same daily light exposure was often greater than that of 
groups receiving different light exposures but planted contem- 
poraneously: The production curves of the White bean under the 
three different light exposures follow the same general trend and 
show that other factors affected production to a greater extent 
than did the length of daily light exposure, veiling this effect in 
large measure. Whereas the White bean was on the whole less 
productive under the short daily light exposures, the Red and Valen- 
tine beans were slightly less productive under the long exposure. 
In average weight of dry seed per plant, the Red bean under the 
short exposure surpassed that under the long exposure in 13, equaled 
it in 1, and fell below it in 6 plantings. 

While the height curves show in like manner a wide variation 
between plantings made on different dates, the favorable effect of 
long daily light exposures remains clearly evident. (Fig. 12.) 

The height of each plant was recorded. In 18 of 20 plantings of 
the White bean the group receiving the longer exposure surpassed 
both other groups in height. Of the 20 plantings, as a whole, the 
average plant in the long-day group measured 39 per cent taller 
than in the check, and 45 per cent taller than in the short-day group. 
A comparison of the long and the short day groups of the Red bean 
showed that while the difference in height was less pronounced, 
the effect of the longer daily illumination was no less evident than 
in the preceding variety. In only a single one of the 20 plantings 
was the long-day group surpassed in height by either the short-day 
group or the check. In 15 plantings of Valentine beans, the long- 
day group surpassed the check in height in every planting and the 
short-day group in 10 plantings. 
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The length of life of the plant was reckoned from the date of plant- 
ing to the date on which the plant neither carried live leaves nor 
was putting out new growth. The individual life span was recorded 
in all plantings after the seventh. The long-day group exceeded in 
average length of life the normal-day group in 9, and the short-day 
group in 8, of 13 plantings of White beans. The average length of 
life under the short, normal, and long daily light exposures was 
81, 84, and 91 days, respectively. Similarly, the average length of 
life of the Red bean was 84 days under the long daily light exposure, 
and 77 days in the other two groups; and that of the Valentine 
bean was 67, 71, and 



























































ae . PLANTING DATES 
) a . 
72 days for the short, 924 = 19241926. (1926-5 1925 «(1925 
normal, and long day MARCH JUNE 3 AUGUST26 NOV/8 FEBIO MAYS 
a = APRILE SULYs SEPT 23 DEC MARCH IO JUNE 2 
groups, respectiy ely. _MAYE, LULY29, OCT 21, JANI3, APRILT, {UNE3O, 
AND “? a 3) "a aawen HEIGHT UNDER AN /1-HOUR. BAILY LIGHT EXPOSURE] 
DISCUSSION TN WEIGHT UNDER NORMAL DAILY L/GHT EXPOSURE 
SUMMARY ss P EE ASE HOUR DAILY LIGHT EXPOSURE 
JO / \ Ce 4 
Economic plants of iat * aie SP 
. 4s 25 Za 4s 
different varieties a 77 Yt Wa  - 
were grown under V7 RY a —= 
daily light exposures “|? oe 
of 10,11,13%,and15 8? — 
hours, and under the §¥4 — 
normal light expo- ¢ 
‘i 








sure, 11 to 13.2 hours 
(sunrise to sunset). 
An 11-hour daily 
light exposure proved 
to be more favorable to 
the blossoming of both 
Porto Rico and Key 
West sweet potatoes ara —— 
than a 13%-hour ex- 
posure. The evidence F!- !2.—Height of en ee difference in length of 
as to the effect of these , 
light exposures on vine growth and tuber formation was inconclusive. 
The growth of the different onion varieties under the varied light 
exposures showed onions to be very sensitive to the duration of the 
daily light period. Different varieties varied in their responses to 
different day lengths. An exposure sufficient in length to cause bulb 
formation in one variety may be wholly inadequate in the case of 
another. For this reason, certain varieties which form large bulbs 
in temperate latitudes may fail wholly to form bulbs when grown in 
the Tropics. In the lower latitudes where the temperature permits 
planting throughout the year, not only is it essential to select such 
varieties as will form bulbs under the day lengths which prevail in 
these latitudes, but the favorable planting time as well must be deter- 
mined with regard to the seasonal day length. While the shorter 
days favor leaf growth, they inhibit bulb formation, for which the 
longer days are necessary. Of the four varieties included in these 
tests, one only, Bermuda White, showed itself to be well adapted for 


+) 





! Each point determined by average height of 3 plantings, except Valentine second and fifth points deter- 
mined by 2, and third point by 1 planting, 
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growing in such latitudes as have a maximum day length only shortly” 
in excess of 13 hours. Though some individuals of the Silver King 

(Giant White Tripoli) variety formed bulbs, the varietal adaptability 

to such day lengths could be considered as only partial. The Prize- 7 
taker and Yellow Globe Danvers varieties are wholly unsuited for 7 
growing under such day lengths, plants in the main remaining in the 
spring-onion stage rather than forming bulbs. Under daily light 7 
exposures of a little more than 15 hours, normal bulb formation was 
rapid in all four varieties. 

The tendency of the onion to form more than one core, or to split 
into two or more individuals was not shown to be correlated with the 
length of daily light exposure, but rather to be a varietal characteristic. 
This tendency was most pronounced in Bermuda White and Silver 
King (Giant White Tripoli), and least evident in Yellow Globe 
Danvers. Owing to vigorous top growth and absence of bulb forma- 
tion under the shorter exposures, the splitting of one individual into 
several was more conspicuous under the shorter than under the longer 
daily light exposures where bulbs were quickly formed and the resting 
period was entered. On resumption of growth the compound forma- 
tion of the bulb under the longer exposures became evident. 

The Irish Cobbler, Red Bliss, and Lookout Mountain varieties of 
potato differed considerably in sensitiveness to differences in length 
of daily light exposure. Of the three the Lookout Mountain variety 
proved to be the most sensitive, and the Red Bliss the least so. 
Whereas the longer exposure favored growth of tops, the shorter 
exposure favored tuberization. 

Porto Rican corn showed pronounced differences in growth and 
production under normal and 15-hour daily light exposures. Under 
the lengthened exposure blossoming was delayed, a much greater 
height was attained, and the production was inferior in number and 
size of ears to that under the normal light exposure. 

Red Spanish pineapples were grown under normal, 10, 11, 13%, and 
15-hour daily light exposures. Under the longer exposures blossoming 
was delayed, the size of the fruit was considerably larger, the produc- 
tion of slips was notably greater, and the total growth was increased. 

The most clearly evident and consistent effect of the longer daily 
light exposure under which the beans were grown, 13% hours, was the 
increased vegetative activity as shown by the greater height and 
greater length of life under the longer daily illumination. 
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